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Section 1 
INTRODUCTION AND SUMMARY 
1.1 INTRODUCTION 
The Puna Geothermal Venture (PGV) project consists of a two-unit 25 MW 
geothermal electric power plant and wellfield in the Puna District of the 
island of Hawaii, also known as the Big Island. Thermal Power Company (TPC) 
is the operator for the PGV, a joint venture of TPC and AMFAC Energy Inc. 
The project site is located 21 miles south-southeast of the city of Hilo, 
as shown in Figure 1-1. The existing 3 MW Hawaii Geothermal Project (HGP-A) 
is located adjacent to the project site. The project site is situated on 
500 acres of the 816-acre Kapoho state leasehold, which lies within the Kapoho 
geothermal subzone along the lower East Rift Zone of Kilauea Volcano. The 
presence of a high-quality geothermal resource capable of development has been 
confirmed by the exploration well at HGP-A and the PGV wells completed in 1985. 
The Hawaii Electric Light Company (HELCO) has forecast an increasing need 
for electric energy in future years. To meet a portion of this need, HELCO 
has signed a contract with PGV to buy the electric energy produced by the 
project. HELCO currently plans to permit, construct, own, and operate the 
ower transmission line to the project. Thus, the electric power transmission 
line and this project will be owned, built, and operated by different 
entities. The environmental impact statement for this 69 kV transmission line 
is being prepared by HELCO (1987) and is expected to be available for review 
in June 19 87. 
The proposed QIOject will be constructed in two stages. In accordance 
with the HELCO contract and the projected need for additional power on the 
island of Hawaii, the planned development schedule calls for the first 12.5 MW 
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~ unit to be completed oy late 1989 and the second unit to be completed by 
1993. Each unit will operate independently; this redundancy enhances the 
already good reliability of the power plant. 
~ 
~ 
Objective 
The objective of this Project Application is to provide environmental and 
other data in a format and in sufficient detail to fulfill the requirements of 
all discretionary permit-issuing agencies. This document was prepared in 
accordance with Environmental Impact Statement (EIS) guidelines and could 
serve as an EIS if the appropriate regulatory agencies determine that one is 
necessary. It was also prepared to comply with existing permitting 
regulations, including the Hawaii County Planning Commission Rule 12 and the 
State Department of Land and Natural Resources (DLNR) Plan of Operation. 
Report Content and Organization 
This Project Application describes the local and regional environment in 
the vicinity of the project. Environmental resources that are rare or unique 
to the region and project site are emphasized. Included in the discussion is 
a description of the physical, biological, and human environment. This 
information is combined with the project description to predict the 
environmental impacts of the project. Design options to mitigate these 
projected impacts are also identified. 
Baseline environmental studies of the PGV project began in ear~y 1980. 
The Bernice Pauahi Bishop Museum conducted an archaeological survey of the 
project study area, and Belt, Collins & Associates was contracted to assess 
the human environment in the Puna District. Independent consultants 
associated with the University of Hawaii performed a biological field survey 
of the flora and fauna and an analysis of the ecosystem within a 1-mile radius 
of the project area. TPC has conducted ongoing monitoring studies of baseline 
ambient air quality in the Puna District since 1981. These and other baseline 
studies provide a detailed assessment of the existing environment and a 
reference point for determining future changes. 
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Background 
Purpose and Need. The purpose of the PGV power plant project is to supply 
electrical power to help meet a shortage in the HELCO system demand forecast. 
This forecast projects need for substantial new capacity by 1989 and an 
additional increment by 1991. The island of Hawaii is electrically isolated 
and must satisfy its own electrical needs. These needs for sufficient 
capacity must be satisfied in an economic and dependable manner. A two-unit 
geothermal plant of 25 MW capacity was selected as being consistent with those 
objectives. 
The replacement of imported oil with power generated from renewable 
resources is the objective of both state and county plans designed to increase 
Hawaii's energy self-sufficiency (Hawaii State Plan, 1978, Chapter 226, Hawaii 
Revised Statutes; General Plan, County of Hawaii as amended). Electrical 
power from the Puna geothermal power plant, produced from an indigenous energy 
resource, will allow HELCO to reduce its use of imported oil by approximately 
250,000 barrels per year. 
Over the longer term, the state and private developers hope to increase 
the energy self-sufficiency of the state by constructing an inter-island power 
cable. The full geothermal potential of the island of Hawaii could then be 
developed to supplement the needs of the larger market on Oahu. However, 
supplying power to Oahu is beyond PGV's current known reservoir capacity and 
the scope of its development plans. 
History of Geothermal Development in Hawaii. The Big Island's use of 
geothermal resources was started by early Hawaiians, who used the Kilauea 
summit fumaroles for cooking and heating. But it was not until 1961, when 
four holes were drilled in the Kilauea East Rift Zone by a private company, 
that commercial use of geothermal heat was explored. Temperatures encountered 
were much higher than those of normal groundwater. However, because the wells 
were so shallow, they did not have commercial potential. 
Twelve years later, a research well was drilled at the Kilauea summit to a 
depth of 4,141 ft (1,262 m). The temperature of fluids at the bottom of the 
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well was 275°F (135°C), and there were indications of much higher temperatures 
at greater depths. At approximately the same time, the University of Hawaii 
started an exploration program for a second exploratory well. Based on 
factors such as numerous shallow warm-water wells in the area, geophysical 
anomalies, and land availability, a 6,540 ft (1,994 m) well, HGP-A, was 
drilled in 1976 in the lower East Rift Zone, approximately 3,281 ft (1 km) 
southwest of the prehistoric cinder cone Pu'u Honua'ula. The HGP-A well has 
the distinction of being the hottest well in the United States, with a 
measured bottom hole temperature of approximately 676°F (358°C). 
In 1981, construction was completed on a 3 MW wellhead generator facility, 
designated as the HGP-A plant. Its construction was sponsored by the county 
and state of Hawaii and the U.S. Department of Energy (DOE). This plant has 
operated continuously since then, producing more than 19 million kWh of 
electricity per year. It has established the technical feasibility of 
commercializing the resource and has demonstrated reliability of operation • 
1.2 SUMMARY 
The following summarizes the various sections of this report and 
highlights conclusions that can be made, based upon the environmental work 
performed to date. This summary must be used in conjunction with the rest of 
the document, however, since it is not a substitute for the analysis contained 
in later sections. 
Description of the Proposed Action 
Facilities Description. The proposed geothermal power project consists of two 
12.5 MW units (25 MW total), associated wells, and steam supply and fluid 
disposal systems. 
The geothermal resource produces a mixture of steam and brine from the 
production wells. A separator on each ellpad will divide the mixture into 
steam and brine streams, as shown in Figure 1-2. The steam then flows through 
collection and transport piping to the power generation facilities. A second 
piping network collects the brine, which is returned to the reservoir • 
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The steam is supplied to the two 12.5 MW turbine-generator units . A 
schematic diagram of one unit is shown in Figure 1-3. The turbines exhaust to 
condensers where steam-driven jet ejectors remove the noncondensable gases, 
which include most of the hydrogen sulfide (H2S). These gases are then 
injected into a nonreservoir geologic stratum. When the turbine-generator is 
not operating, a turbine bypass system routes the steam flow directly to the 
main condenser to allow H2S removal and disposal as described above. 
The cooling tower basin supplies cooling water for the main condensers and 
plant auxiliaries. Heat from the water is expelled to the environment through 
a mechanical draft cooling tower. The steam condensa~e (geothermal steam 
condensed during power plant operation) serves as the aource of makeup for the 
water evaporated in the cooling tower. ]his fluid contains the smaller 
fraction of the H2s not removed from the condenser with the noncondensable 
gases and disposed of by injection into the formation. The cooling tower 
blowdown will be combined with the brine fraction from the wellpad separators 
and injected back into the reservoir. Blowdown is excess cooling water with 
• elevated dissolved solids that is continuously discharged to maintain a low 
l evel of dissolved solids in the circulating cooling water system. 
• 
A steam release facility consisting of a rock-filled muffler and an H2S 
abatement system is used to vent steam to the atmosphere when it cannot be 
accepted in either the steam turbines or steam bypas s facilities. 
Natural Resource Requirements. The steam re uiremeno f or the t wo generating 
units is a roximately 430,000 lb/hr. Land requirements will be approximately 
12 acres for the power plant, wellpads, steam lines, and access roads. Water 
cooling tower consumption during operation of the turbine bypass system and 
for H2s abatement during steam venting through the rock muffler. The water 
is supplied by an on-site rainwater collection s stem and the storage of 
excess steam condensate not needed for cooling tower makeup. 
Environmental Discharges. Discharges from the power plant will include liquid 
and noncondensable gas (including H2S) fluids, and waste heat. 
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Current data indicate that the quantity o brine to be injected is 
approximately 190 gallons per minute (gpm), but the actual amount cannot be 
determined until the wellfield has been completed. The amount of condensate 
blowdown is a function of operating conditions; during normal operations, 
there will be ap~roximately 90 gpm availaDle for injection. The total volume 
of liquid requiring injection, therefore, is on the order of 280 gpm. 
The amount of noncondensable gases to be injected is approximately 
800 lb/hr, but since some steam carryover and air leakage will also be in the 
noncondensable gas flow, about 1,000 lb/hr (455 kg/hr) of gaseous fluid will 
be injected. 
The only gaseous emission of concern is H2s, which would be discharged 
primarily from the cooling tower stacks. If required, this emission will be 
controlled to meet appropriate regulatory requirements by chemical injection. 
Thermal discharge from the cooling towers to the atmosphere will be 
approximately 400 million Btu/hr • 
Construction. The total project construction time for startup of the first 
unit is estimated to be 18 months after the start of site-preparation 
activities. Construction of the second unit will begin 6 months after 
completion of the first, and is estimated to take 18 months also. Estimated 
peak employment at the site during construction of each unit is expected to be 
up to 100 people. The plant is designed to operate unattended, but staff 
normally will be present three shifts pe~ day for safety and security 
considerations. 
Decommissioning. When economic and resource conditions dictate that the power 
generation project be abandoned, the plant and wells will be decommissioned, 
and the site restored to an environmentally compatible condition. 
Description of the EnviLonmental Setting 
Physical Environment. The project site lies within the South Pacific trade 
wind belt. The trade winds dominate the climate of the island. Winds at Hilo 
average 7.2 mph (3.2 m/s) year round. Clear skies are rare, as clouds 
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frequently form on the upslope sides of the mountains. Showers are frequent, 
varying from sudden sprinkles to heavy downpours. Between 1931 and 1960, the 
normal annual rainfall at Hilo Airport was 135.6 in. (3,470 mm). Temperatures 
remain steady throughout the year with a normal monthly mean temperature of 
75.9°F (24.4°C) for August, which is the warmest month, and 71.0°F (21.7°C) 
for February, which is the coolest month. 
The island of Hawaii lies at the southwestern end of the Hawaiian 
archipelago. and is the largest and youngest of the chain. The project site is 
located on the flank of Kilauea Volcano along its east/northeast trenching 
rift, commonly referred to as the East Rift Zone. The site is entirely 
underlain by highly permeable basaltic lava flows and associated ejecta of the 
Puna Volcanic Series. Thin soils of the Keaukaha, Opihikao, and Malama soil 
series cover approximately 75 percent of the site. There are no aturally 
occurring surface water drainages at the site, and groundwater resources 
generally are acknowledged to be of low quali ty. 
The geothermal reservoir to be developed by the project is located within 
the East Rift Zone at a depth of 1.4 mi (2.3 km). The geothermal reservoir is 
i n fractured basalt, through which the geothermal fluids circulate. The 
r eservoir is capped by impermeable rock, and the fractures are sealed by 
secondary mineral deposition. 
Biological Environment. The vegetation types in the Puna District are 
determined by the various lava flows there. Vegetation on the younger lava 
flows consists of scattered low brush with a solid carpet of white lichen. In 
comparison, vegetation on the older and deeply weathered flows consists of a 
closed forest with a well developed shrub and herb layer. Two hundred forty 
plant species were identified within 1 mile of the project during botanical 
surveys in 1984. Of these, 65 (27 percent) are native species, 12 (5 percent) 
were introduced by the Polynesians, and 163 (68 percent) were introduced 
subsequently. There are five species of rare endemic plants in the general 
vicinity of the roject site, but none should be affected by the proposed 
project. 
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Large areas of the Puna District support agricultural activities. A 
substantial portion of the project site area is now or recently has been under 
papaya cultivation. 
The primary ~~~~cies Qf interest in the study area are birds. Two 
native and nine introduced bird species were observed in the project site 
area. One of the native species, the Hawaiian hawk, is currently on the 
federal list of endangered s ecies. 
Human Environment. The Puna District is a rural area. Most of its land is 
covered by natural vegetation and is classified as Conservation District 
Land. The second most extensive land use in the district is agricultural; the 
project site is on agricultural land. During the 1950s and 1960s, large 
portions of the district were subdivided into residential lots. However, much 
of that land remains vacant and unimproved. 
The aesthetic character of the Puna District and project site is defined 
by topographic features and natural or agricultural vegetation. Because of 
the area's relatively high rainfall, the overall impression is of lush growth; 
in contrast, the most recent lava flow &reas are black and barren. 
A marked population increase (+128 percent) occurred in the Puna District 
from 1970 to 1980. Puna's 1980 population of 11,751 made it the third most 
populous of the island's nine judicial districts. The population growth may 
have stemmed in part from the abundant supply of relatively low-priced 
residential and agricultural land. 
For the past several decades, the basis of the island's economy has 
gradually changed from agriculture to tourism. However, comparing island-wide 
labor force statistics with those of the rural Puna District, one finds 
proportionally more 1980 Puna workers engaged in manual occupations such as 
farming, fishing, and forestry, or in precision/repair work, than in tourism-
related occupations • 
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The island of Hawaii is rich in cultural history. The Puna District, in 
particular, was an important center in the development of Hawaiian religion. 
Paao established his line of priesthood at Puna, and it continued there until 
after the death of King Kamehameha in 1819. However, an archaeological 
reconnaissance survey of the project area found no archaeological sites or 
cultural remains. 
Probable Environmental Impacts of the Proposed Action 
Physical Environment. Construction of the PGV project will result in minimal 
temporary fugitive dust and diesel emissions from heavy construction 
equipment. In addition, well drilling and testing may result in emissions of 
H2S and total suspended particulates. During operation of the power plant, 
controlled noncondensable gas emissions will include co2, N2, H2, and 
water. Also, articulates will be emitted by the cooling tower. Both 
particulates and H2s emissions will be within regulatory limits of proposed 
or adopted state emission standards in force at the time of construction. No 
emission limits have been proposed or adopted for other plant emissions. 
Decommissioning of the project facilities will result in diesel and total 
suspended particulate emissions from heavy construction equipment that are 
similar to those of the construction phase. 
Project development impacts on geology, soil, and hydrology will be 
limited to alteration of site topography from excavation, temporary increased 
erosion from soil disturbance, and potential discharges to nonpotable basal 
groundwater. 
Biological Environment. Construction, operation, and decommissioning of the 
project are expected to have no significant impacts on the biological 
environment. Disturbance of the natural vegetative communities during the 
construction phase will be minimal. The project is expected to have no effect 
on the rare endemic plants in the project vicinity. In addition, limited 
disturbance of mammal and bird species habitats may occur as a result of 
project construction and operation. The endangered Hawaiian hawk uses the 
~oject area for hunting rodents and other prey but does not nest close to the 
site. The proposed project is not expected to cause any significant impacts 
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to the Hawaiian hawk because ample hunting area is available nearby, and the 
hawks are already accustomed to human activity in the papaya fields. 
Human Environment . A 12-acre commitment of land will be required for 
development over the project's 35-year life. This commitment will cause a 
maximum loss of less than 1 percent of the orchard land leased by PGV. 
Peak construction will require about 100 employees. Approximately 
19 employees will be required for operation and maintenance of the 25 MW 
facility. It is estimated that the annual operating expenditures for labor 
will be $700,000. 
Economic activity generated by the project will have an effect on both the 
economic output of Hawaii County and the personal income of its residents. 
The county's economy will be affected by the following expenditures: 
o Capital expenditures related to direct expenditures on 
goods, services, and wages during construction 
0 Operating expenditures, including employee salaries 
County revenue from the proposed project will be primarily in the form of 
property taxes. Other revenue will be received from motor-fuel tax, licenses, 
and permit fees. 
The aesthetic character of the area will be affected to a minor extent by 
the intrusion of construction activities. Several visual changes may occur 
during construction and operation, including: 
o Removal of vegetation 
o Minor changes of landforms by excavation and grading 
o Installation of new structures 
o Steam plumes from cooling towers and well testing 
During the initial phases of the project, power equipment used to 
construct roads, wellpads, and pipelines will generate noise. To mitigate 
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noise, construction normally will be restricted to daylight hours, and 
noise-level restrictions and time constraints ,.Till be obeyed in compliance 
with county noise guidelines. Some noise from cooling tower fans will also 
occur during operation. There is a potential for some H2s odor from time to 
time. Normal precautions will be taken to ensure that occupational hazards at 
the plant will be well within or below the normally accepted standards. 
Projected impacts from the project construction and operation on adjacent 
residential, agricultural, and recreational land uses are expected to be 
minimal. 
Unavoidable Adverse Environmenral Impacts 
The majority of the impacts identified as a result of project development 
will be mitigated to minimize the overall effects during construction, 
operation, and decommissioning. However, as with any project, there will be 
some unavoidable environmental impacts. Development of this project will have 
the following adverse environmen~al impacts that cannot be mitigated or 
avoided: 
0 Minor alterations to topography 
o Controlled quantities of air emissions during well drilling 
and testing, and during construction (within regulatory 
standards) 
o Controlled quantities of air emissions during power plant 
operation (within regulatory standards) 
o Controlled discharges to groundwater during well drilling 
and testing (within regulatory standards) 
o Discharges to groundwater from injection operations 
(consistent with regulatory standards) 
o Commitment of land 
o Visual disturbance to the existing landscape 
o Controlled noise during construction, well drilling and 
testing, and plant construction, operation, and 
decommissioning (within regulatory guidelines) 
o Increased traffic during construction 
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Air and water quality impacts will be minor and will be controlled to 
adhere to strict federal, state, and county regulations and environmental 
guidelines. Most of the above impacts, especially air and water quality 
impacts, will occur only during the life of the project. Following project 
decommissioning, many of these unavoidable impacts will be mitigated through 
site restoration. 
Irreversible and Irretrievable Commitment of Resources 
The PGV project will require the commitment of land, geothermal fluids, 
and building materials. The irreversible and irretrievable commitments of 
resources will be limited to geothermal fluids, the building materials needed 
to construct and operate the proposed geothermal facility, and the associated 
capital development costs. 
Proposed Impact Mi tigation Measures 
The mitigation measures associated with the plant construction, operation, 
and decommissioning impacts are summarized in Tables 1-1 throug 1-3. 
Mitigation measures necessary to meet regulatory requirements and other 
measures deemed appropriate by the project developer are also summarized. 
Necessary Permits 
The permits and approvals applicable to the PGV project are presented in 
Table 16-1. 
1.3 CONCLUSIONS 
Based on the preliminary plant concept, the PGV project is expected to 
have minimal impact upon the physical, biological, and human environment at 
the project site and in the surrounding area. Mitigation measures to reduce 
all impacts to a level consistent with existing and expected regulations are 
included in the project plan • 
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Table 1-1 
SUMMARY OF PROPOSED MITIGATION MEA~URES 
FOR CONSTRlfCTION IMPACTS 
Construction Impact 
Physical Environment 
Air emissions 
Topographic alteration 
Erosion 
Liquid spills 
Biological Environment 
Disturbance of 
endangered or 
special-interest 
species and/or habitat 
AR:6662d 
Mitigation Measures 
o Design well drilling operations to include 
emission controls in compliance with strict 
state regulations. 
o Use motor vehicle exhaust emission control 
equipment and provide maintenance of drilling 
and construction equipment. 
o Suppress dust on disturbed areas by spraying 
water during dry periods. 
o Remove or stabilize loose or disturbed earth. 
o Minimize earthwork activities. 
o Minimize earthwork and other disturbance 
activities. 
o Reuse backfill. 
o Dispose of spoils in designated areas. 
o Stabilize excavated areas and stockpiles. 
o Implement a revegetation program in all 
disturbed areas after construction. 
o Implement a spill prevention, control, and 
containment program for construction 
activities. 
o Implement prompt spill cleanup procedures 
consistent with applicable regulations. 
o Limit construction activities to a 
minimum distance from critical species 
habitat. 
o Continue monitoring the area used by the 
Hawaiian hawk. 
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• Construction Impact 
Human Environment 
Land clearing 
Public concerns 
Aesthetic intrusion 
• Noise 
• 
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Table 1-1 (Cont'd) 
Mitigation Measures 
o Select a plant site to minimize displacement 
of productive agricultural lands. 
o Implement community involvement and education 
programs. 
o Develop contingency management plans for 
dealing with public concerns. 
o Prepare emergency plans to coordinate 
federal, state, county, and developer actions 
in the event of an accident threatening 
public health or safety. 
o Maintain a neat and orderly project 
construction site. 
o Develop an aesthetic project design with 
landscaping • 
o Use drilling and construction vehicle noise 
suppression equipment. 
o Use noise control equipment and procedures to 
keep noise-generating activities within legal 
limits and guidelines • 
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Table 1-2 
SUMMARY OF PROPOSED MITIGATION MEASURES 
FOR OPERATIONAL IMPACTS 
Operational Impact 
Physical Environment 
Air emissions 
Site seismic and 
volcanic activity 
Water quality 
Spills 
AR:6662d 
Mitigation Measures 
o Use injection for noncondensable gas or the 
incineration process as an alternative. 
o Continue the air monitoring program. 
o Use emission-controlling plant process 
equipment in compliance with applicable state 
regulations. 
o Use the steam bypass system. 
o Use cooling tower drift eliminators. 
o Locate and orient structures to minimize 
seismic impacts. 
o Use structural design in accordance with 
applicable codes. 
o Provide for wellhead protection. 
o Inject fluids into aquifiers with poor water 
quality. 
o Line all settl~ng ponds . 
o Develop and implement a groundwater 
monitoring program. 
o Develop and implement an operation spills 
prevention program to protect water quality . 
o Implement prompt spill cleanup procedures in 
compliance with regulations. 
o Locate berms around storage areas to contain 
liquid spills. 
o Use injection, rather than surface air 
abatement methods, for noncondensable gases 
to reduce the amount of chemicals shipped. 
This minimizes the possibility of spills. 
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Table 1-2 (Cont'd) 
Operational Impact Mitigation Measures 
Biological Environment 
Disturbance of endangered o Implement air emission mitigation measures. 
or special-interest 
species and/or habitat o Implement noise mitigation measures. 
Human Environment 
Public concerns 
Noise 
Health and safety 
AR:6662d 
o Continue to expand the community involvement 
programs to foster understanding of 
geothermal development. 
o Develop contingency management plans for 
dealing with public concerns related to 
geothermal development. 
o Develop emergency contingency plans. 
o Incorporate noise control measures in plant 
design • 
o Design equipment and operating procedures to 
keep noise generated by plant activities 
within legal limits. 
o Implement air emission mitigation measures. 
o Implement noise mitigation measures as stated 
above. 
o Implement worker health and safety plans and 
education programs in accordance with 
applicable regulations • 
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Table 1-3 
SUMMARY OF PROPOSED MITIGATION MEASURES 
FOR DECOMMISSIONING IMPACTS 
Decommissioning Impact 
Physical Environment 
Air emissions 
Erosion 
Spills 
Water quality 
Biological Environment 
Disturbance of 
endangered or 
special-interest 
species and/or habitat 
AR:6662d 
Mitigation Measures 
o Use exhaust emission control equipment and 
provide regular engine maintenance of 
construction equipment used in 
decommissioning. 
o Suppress dust on disturbed areas by spraying 
water during dry periods. 
o Minimize earthwork and other disturbance 
activities. 
o Dispose of spoils in designated areas. 
o Recontour excavated areas to near pre-project 
topography. 
o Implement revegetation programs in all 
disturbed areas. 
o Implement a spill prevention program for 
decommissioning activities. 
o Implement prompt spill cleanup procedures. 
o Adhere to accepted methods of well plugging 
and abandonment. 
o Continue water quality monitoring for 2 years. 
o Limit decommissioning activities to a minimum 
distance from critical species habitat. 
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• Decommissioning Impact 
Human Environment 
Land use 
Aesthetic intrusion 
Noise 
• 
• 
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Table 1-3 (Cont'd) 
Mitigation Measures 
o Return land to near-original conditions. 
o Plant natural vegetation and/or agricultural 
crops, or as specified by lease agreements. 
o Maintain neat and orderly project 
decommissioning operations. 
o Restore the project site by contouring and 
revegetation. 
o Use vehicle noise suppression equipment. 
o Utilize equipment and procedures to keep 
noise-generating activities within legal 
limits • 
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Description of the Proposed Action 
• 
Section 2 
DESCRIPTION OF THE PROPOSED ACTION 
This section contains a review of the proposed action. It includes 
descriptions of the geothermal wells, the wellfield pipelines, the power 
plant, the construction schedule, operation and maintenance staffing, and the 
decommissioning plan. 
2.1 GEOTHERMAL LAND POSITION 
Land Position 
The project is to be developed on about 500 acres of the 816-acre parcel 
subleased from the Kapoho Land Partnership (KLP) by the PGV (Tax Map Key 
3-1-4-01: portions of 2 and 19). The sublease includes bot suiface and 
geothermal rights. KLP holds the surface rights to the parcel and has 
• obtained a State of Hawaii Geothermal Mining Lease, which includes the rights 
to the geothermal resource. It was necessary for KLP to obtain mining leases 
to the property because the state of Hawaii claims the right to the geothermal 
• 
resources. 
Geothermal Resources Subzone 
Act 296, Session Laws of Hawaii, 1983, and Act 151, Session Laws of 
Hawaii, 1984, enacted changes to the Land Use Laws (Chapter 205, HRS) by 
establishing procedures for "geothermal resource subzones" to be designated by 
the Board of Land and Natural Resources (BLNR). Under the legislation, 
geothermal activities within the subzones are to be regulated by county and 
state rules. 
The entire 816-acre sublease from KLP has been designated as a geothermal 
resource subzone under the terms of Chapter 205-5, HRS • 
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2.2 GEOTHERMAL FLUID PRODUCTION AND INJECTION 
Geothermal Resource 
The Puna geothermal resource is located in the area known geologically as 
the Kilauea East Rift Zone. The geothermal reservoir tapped by present 
drilling exists within about a 0.6 mi (1 km) rift trend with geologically 
recent faulting and lava extrusions. A conceptual model of the Puna 
geothermal reservoir is shown in Fi ure 2-1. The heat source for the 
geothermal system is a deep, magmatic conduit or dike complex that underlies 
the reservoir. The geothermal reservoir is a two-phase, liquid-dominated 
system with variable steam fractions. The average reservoir temperature is 
approximately 650°F. 
The range of effluent chemistry from a wellbore exploiting the 
hydrothermal reservoir is presented in Table 2-1 . The noncondensable gas 
composition is given in Table 2-2. The virgin reservoir fluid is thought to 
contain a brine with a minimum of 6~300 p m by weight total dissolved solids 
(TDS) content. When flashed at the surface, the dissolved solids content of 
the separated brine rises to as much as 36,000 ppm TDS. The brine will be 
injected back into the reservoir or at reservoir depths. 
The separated steam is chemically very clean, with a TDS content less than 
36 ppm. The noncondensaole gas content of the flashed steam fraction is 
approximately 2,200 ppm by weight, with approximately up to 1,300 ppm by 
weight H2s content. 
The project site is situated over an immense groundwater system, which 
occurs in basalt layers, joints, vesicles, and shallow intermittent ash beds 
above the geothermal reservoir. The local groundwater table lies at about 
600-foot depth. The groundwater itself is brackish, resulting from natural 
geothermal leakage and saltwater intrusion, and can be labeled as geothermal 
water. 
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Table 2-1 
GEOTHERMAL FLUID CHEMICAL COMPOSITION 
COMPOSITE DATA(a) 
Steam 
Brine Condensate 
Element (ppm) (ppm) 
Na 1.436 - 10.560 0.14 - 0.24 
K 207 - 2.700 0.1 - 0.2 
Ca 30 - 950 <0.1 
Mg 0.26 - ~10 <0.1 
Fe <0.01 - 9.8 0.04 - 0.11 
Hn 0.21 - 8.8 
B 4.3 - 11 <0.5 
Br 20 - 89 
I <1 - <20 
F o. 25 - 1.6 <0.1 
Li 1.1- 8.7 <0.01 
Cl 2.417 - 21.000 <2 
NH3 0.11- 0.17 <0.1 - 0.32 
so4(b) 8.8 - 61 7.1- 21 
Hg <0.001 - <0.05 <0.5 
As 0.04 - 0.6 ~0.01 - <0.5 
s=<c> 3.2 - 15 790 - 1.100 
HC03 1.2 - ~12 
C03 0 
Si02 794 - 2.000 <0.03 - 1.0 
Total s (dis) 6.1 - 35 2.7 - 8.3 
TSS <50 - 80 
TDS s.ooo - 36.000 <10 - 36 
pH 4.5 - 8+ 3.3 - 3.6 
(a) Composite data from three wells on the PGV site (KS-1. KS-1A. and KS-2) 
and the HGP-A well. 
(b) Concentration high due to oxidation of s= to so4 . 
(c) Concentration low due to oxidation of s= to S04. 
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Table 2-2 
NONCOMDEMSABLE GAS COMPOSITION 
COMPOSITE DATA(a) 
Content 
in Steam 
Element (ppm) 
co2 250 - 1,042 
H2s 
165 - 1,300 
NH3 <0.034 - 13 
M2 10 - 670 
CH4 <0.082 - <0.2 
He <0.0027 - <0.0065 
H 3.7 - 25 
2 
(a) Composite data from three wells on the PGV site (KS-1, KS-1A, and KS-2) 
and the HGP-A well. 
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Production Wells 
The site plan for the wellfield and 25 MW power plant is shown in 
Figure 2-2. The well~ield develo~ment plan anticipates six roduction wells 
to meet the initial steam supply requirements of the 2~ MW power plant. The 
first 12.5 MW unit re uires three roduction welLs; two existing wells, KS-lA 
on Wellpad A, and KS-2 on Wellpad B, may roduction w lls. One or 
more additional P. oduction well~ads with one or two wells are required for the 
initial development phase of 12.5 MW. 
I n addition to the initial six production wells for the 25 MW power plant, 
approximately 
35-year life . 
ine makeup production wells are anticipated over the plant's 
These additional wells will be drilled on existing wellpads or 
on additional Wellpads C, D, and E, as needed. 
For planning purpo ses, eac roduction well is antic! ated to have an 
average l ow ate of 90,000 lb/hr of total eothermal fluid. The decline in 
flow for each well is projected to average 3 percent per year. Wellhead 
pressures of flowing wells are expected to be in the range of 160 to 180 psig, 
and wellhead temperatures in the range of 370° to 380°F. 
Detailed well drilling and com~letion procedures are contained in the 
submissions to DLNR for individual well P.ermits under Title 13, Chapter 183, 
Hawaii Administrative Rules. oduction wells will be di 
to an average depth of 7,600 feet. A standardized casing program is required 
to protect the environment, groundwater, geothermal resources, life, health, 
and property. It will consist of 13-3/8-inch-diameter steel casing to about 
2,500 feet, 9-5/8-inch ~roduction casing to about 4,100 feet, and 7-inch 
perforated lining to about the bottom. All casings are steel and are joined 
and cemented to ensure the integrity of the wellbore from the surface to the 
producing zone. Blowout prevention equipment (BOPE) capable of shutting in 
the well during any drilling operation is used to prevent any uncontrolled 
escape of geothermal fluids (well blowout) during drilling. 
After drill ing, a flow test is conducted on each production well to 
determine its commercial value. The testing procedure includes a minimum 
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period (2 to 4 hours) of vertical ventin to clean the wellbore of 
particulates; this is followed by a flow test to measure mass flow rate, brine 
fraction, temperature, and fluid composition. Noise and chemical abatement 
systems are emplo ed during most of the flow test, but a brief period of 
unabated vertical venting at the initial opening is needed to clear he well. 
The duration of the flow test is variable. Initial! 
I ·r1 
Liquid Injection Wells 
One li uid injection well is initially required for the power plant, with 
an additional two or three replacement wells anticipated throughout the plant 
life. Idle existing wells in the area or marginal production wells are 
considered as preferred candidates for conversion into injection wells; 
however, all data must be reviewed to determine the appropriateness of such 
wells as injectors. I f a new injection well must be drilled it will be 
directionally drilled into the southern edge of the reservoir from an 
injection wellpad. 'l I I 
I•, ) 
Each injection well will be encased with steel and cemented to the depth 
of the injection zone, 4,000 to 7 000 feet below the surface. The injection 
zone will comply with health and safety regulations and permit conditions 
determined by the State of Hawaii Department of Health. Drilling ermits will 
be tained fro DLNR. __ 
Gas Injection Well s I ( 1 • 
One gas injection well is initially planned for the power plant, although 
replacement wells may be required over the plant life. The injection zone is 
currently lanned to be 1,500 to 2,500 feet below the surface. Elans for the 
gas injection wells will be reviewed by the State of Hawaii DepartmeQt of 
Health and the county oi Hawaii and will comply wit health and safety 
r egulations and permit conditions. As with the liquid injection well, the gas 
injector will be steel-cased and cemented from the wellhead to the injection 
zone, and drillin ermits will be obt ined from D Depending upon 
reservoir management analysis and experience, the ootion of injecting the gas 
AR:6760d 2-9 
i nto the liquid injection z~ne, 4,000 to 7,000 feet elow the surface, may be 
utilized. 
onitoring Wells I I " Il l 
The monitoring plan is currently under development. Preliminary plans 
include three slim monitoring wells, which will be drilled and cased to the 
gas injection zone, 1,500 to 2,500 feet below the su~ace. These wells will 
surround the gas injection well. Water samples will be periodically taken 
from the monitoring wells and analyzed to ensure that no adver se effects are 
resulting from gas injection. 'I ' 
2.3 WELLFIELD SURFACE FACILITIES 
Well pads 
Up to three production wellpads and one injection wellpad, in addition to 
existing wellpads A and B, are currently anticipated over the life of the 
project. Additional wellpad sites will be selected on the basis of reservoir 
extent, optimal drilling targets, the expected reach of directional drilling, 
and specific site elevation as a protection against lava inundation. The 
three proposed additional wellpads shown in Figure 2-2 were selected by 
current knowledge of these criteria. As additional geophysical, drilling, and 
production information becomes available, the locations may be revised to 
obtain optimal performance. Drill sites will be constructed when needed. The 
additional wellpads will measure approximately 400 by 300 feet; each will 
accommodate up to four production wells. 
Wellheads, in 10 by 10 by 14-foot cellars, will be placed about 30-50 feet 
apart to optimize pad space usage. Each wel~pad will have one unlined, fluid 
collection sump (125 by 40 by 20 feet). In addition, each wellpad will 
accommodate a rock muffler for occasional flow testing, a fluid separator to 
split total wellsite production into steam and brine fractions, and adequate 
room to access each wellhead for future workover/redrill operations. 
Steam Gathering System 
Wellhead Pipi~ Subsystem. A wellhead piping subsystem on each wellpad will 
control production from each well, as shown in Figure 2-3. Each wellpad will 
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have a moisture separator to separate the steam and brine and deliver each 
fraction to the respective collection and transport piping. The subsystem 
will begin downstream of the master shutoff valve at each wellhead and will 
include production, throttling, and isolation valves; a flow rate metering run 
with orifice flanges; and instrumentation required for local or remote 
monitoring and control of each well. The system will be protected against 
overpressure damage with passive rupture disc safety devices, in accordance 
with the American National Standards Institute (ANSI) B31.1 Power Piping Code 
and applicable state regulations. A rock catcher (rock particle separator) 
will be installed immediately downstream of each wellhead. A rock-filled 
muffler will also be located on each wellpad. 
Steam Collection and Transport Piping Subsystem. The wellhead piping 
subsystem on each wellpad discharges steam into the steam collection and 
transport piping subsystem. The pipeline is constructed of low-carbon steel, 
i nsulated and supported above groun~. The size of the pipeline depends on the 
volume of steam to be transported, varying from a minimum of about 16 inches 
from each well~ad to about 24 inches for the main trunk line at the power 
plant inlet. 
The pipeline supports will be steel pillars cemented in lace and spaced 
about 30 feet apart, or as needed to prevent sagging. Generally, the pipeline 
will be 3 to 6 feet above the ground, but the actual height will be determined 
by the terrain and other pipeline design considerations. Periodically, 
expansion loops will be required to allow for thermal expansion of the pipe. 
These will be kept horizontal as much as possible; however, vertical loops may 
be required for situations like road crossings. 
All piping that will operate under pressure will be designed in accordance 
with ANSI B31.1 Power Piping Code. The piping systems are engineered for 
stresses induced by thermal, pressure, dead loads, and seismic loads, taking 
into account all system operating conditions. Design of the piping supports, 
restraints, and anchors minimizes the induced stresses in the piping system. 
Sufficient horizontal and vertical flexibility are incorporated to withstand 
• ground movements along the rift axis. 
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Steam transmission lines generally follow the shortest route from the 
wellpad to the power plant to minimize heat and friction losses. However, the 
layout of the pipeline system is dictated in part by the terrain of the area. 
For ease of maintenance and to minimize the extent of ground disturbance, 
steam lines will follow road alignments wherever practicable. They will also 
use a low profile design to reduce visual impacts as much as possible. 
Experience at The Geysers geothermal field in California has proved that 
ipe fabricated from low-carbon steel is satisfactory for steam transmission 
lines, due to the low free oxygen content of the steam. Carbon steel steam 
transmission lines are also expected to be satisfactory in Hawaii for the same 
reason. Proper allowances will be made for corrosion and other forms of 
long-term degradation. Insulation and lagging, used to minimize heat losses, 
have proved to be effective in protecting external pipeline surfaces. A 
painted external surface that blends with background vegetation will be used 
to reduce visual impact. Vegetation will be encouraged wherever possible to 
further reduce visual impact. 
Condensate Handling Subsystem. A condensate handling subsystem collects 
condensate that may form in the steam gathering system. The subsystem accepts 
the drains from the low points in the collection and transport piping and from 
the steam conditioning facility. The liquid condensate drains through 
2-inch-diameter pressurized steel piping to the liquid injection system. 
Steam Release Facility. The steam release facility releases steam to the 
atmosphere when the steam bypass system is not operational. In such an event, 
automatic admission control valves or safety rupture discs divert the steam to 
a two-cell rock muffler, located near the ~ower plant. The cells are 
constructed of heat-resistant reinforced concrete and filled with lava rock to 
dissipate the steam's acoustic energy. 
Steam entering the facility will be treated with injected sodium qydroxide 
(NaOH) to remove most of the H2S. Stora e tanks will be provided for the 
AR:6760d 2-14 
• 
• 
• 
• 
• 
• 
chemicals, with flow being controlled with four 1/3-capacity NaOH injection 
pumps. Water will also be injected to desuperheat the steam so that the 
necessary chemical reaction can take place. 
It is estimated that the steam release facility will be used approximately 
260 hours per ear during possible unscheduled outages of the steam bypass 
system, which could be caused by malfunctions in either the cooling system or 
the gas iQjection system. 
Liquid injection is performed routinely at The Geysers in California and 
at other geothermal areas in the United States and around the world. Well in 
advance of plant operation, injection tests will be conducted at the project 
site to select the design injection pressure for the liquid injection pumps 
and to demonstrate liquid injection at the project site. 
Steam Conditioning Facility. The steam conditioning facility will employ 
in-line systems to prepare the steam for delivery to the power plant. Such 
systems, which tend to be relatively simple in design, will be added on an 
as-needed basis. For example, injecting water into the steamline will have a 
scrubbing effect on the steam, which will remove silica, particulates, and 
other mineral carry-over from the wellpad separator. The injected water can 
then be separated, and clean, dry steam will be delivered to the power plant. 
The separated water will flow to the liquid injection facility. 
System 
The brine separated from the steam flows from each wellpad in above-ground 
pipelines, generally parallel to the steam line, through a collection network 
to an injection well for injection into the geothermal reservoir. The 
pipeline s sized accordin to the ex~ected volume of flow; it is nsulated to 
maintain high temperature, thereby minimizing silica precipitation. Other 
liquids, such as cooling tower blowdown from the power plant, condensate 
drained from the steam pipelines, and wastewater from the steam conditioning 
facilities, are collected and transported through a separate pipeline to the 
injection wellpad. The total volume of fluids is anticipated to be on the 
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order of 280 gpm, but future wellfield development results will influence that 
quantity. 
fluids will be combined in a small, level-controlled, p essurized tank 
on the injection pad, where two full-capacity injection pumps will be 
available to drive the fluids into the reservoir. If the injection well or 
both pumps fail, a lined pond will be available for temporary storage. The 
exact location of the pond has yet to be determined. 
2.4 POWER PLANT FACILITIES 
The flow diagram for the power generation process for one of the two 
identical units is shown in Figure 2-4. 
Turbine-Generator System 
Steam Turbine. The two steam turbine units are standard industrial steam 
turbines with special material consideration to accommodate the geothermal 
steam. Each unit is designed to produce 12.5 MW (net) output, although 
operating conditions allow a degree of flexibility. Turbine control and 
isolation are provided by an electro-hydraulically operated control valve and 
stop valve in the main steam line, positioned just upstream of the turbine; 
fluid for the operation of these valves is supplied by the turbine lubricating 
oil system. 
Lubricating oil is supplied to the turbine from ac motor-driven oil pumps 
and separate, redundant, lube oil coolers. The turbine shaft is sealed with 
main steam. From the turbine gland seals, the sealing steam is directed to 
the gland steam condenser. The condensate from the gland steam condenser is 
forwarded to the main condenser hotwells. 
Generator. The two generator units are 3,600 rpm, 60Hz machines, with a 
capacity of 14.7 MVA, a power factor of 0.85 lagging, and an output of 12.5 MW 
at 13.8 kV. These are directly coupled to the shafts of the main turbines, 
equipped with NEMA Class F field insulation and Type B stator insulation. The 
generators are inner-cooled by air, which is in turn cooled by water through 
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internal heat exchangers. Protective devices will guard against overcurrent, 
overvoltage, loss of field, and fluctuation in frequency. One three-pole 
13.8 kV power circuit breaker serves each generator. 
Condensing System 
Condenser. Each steam turbine unit exhausts to a surface ( shell-and-tube) 
condenser. At full turbine load with circulating water at the design inlet 
temperature of 85°F (29°C), the condensing pressure is about 3.0 in. HgA. The 
condensed exhaust steam is collected in the condenser hotwell. 
Condensate Subsystem. Steam condensate is removed from each condenser hotwell 
by one of two full-capacity condensate pumps. Each unit requires one pump for 
normal operation; the other is on standby. These vertical can-type pumps are 
started and stopped by high- and low-level instrumentation in the hotwell; 
their discharge supplies makeup water to the circulating water system and the 
turbine bypass storage tank • 
Instrumentation and control equipment associated with the condensing 
system trips the turbine-generator unit upon high- and low-condensate levels 
in the main condenser, high vibration or overcurrent on the condensate pump 
motors, and high condenser back-pressure. This is discussed further in 
Section 2. 6. 
Turbine Bypass Subsystem. Both generating units are designed with turbine 
bypass subsystems to bypass up to 100 percent of the plant inlet steam around 
t he steam turbine to the condensers. The bypass steam is condensed, and the 
H2S is handled as it is when the steam turbine is in operation. The turbine 
bypass system operates during 2lant startu2, art-load operation, 
turbine-generator trip, and shutdown. Water for the bypass subsystem will be 
supplied from a storage tank, which is filled from rainwater and excess steam 
condensate • 
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Cooling System 
The twin cooling towers dissipate heat to the environment by evaporating 
water circulated through them. Each tower cools approximately 21,000 gpm of 
circulating water from 105°F (41°C) to 85°F (29°C) when ambient temperatures 
are 94°F (34°C) dry bulb and 73°F (23°C) wet bulb. It is anticipated that 
these conditions will not be exceeded more than 2.5 percent of the time at the 
project site. Tower outlet temperatures, therefore, will be below 85°F (29°C) 
97.5 percent of the time, and the main condenser pressure will be below 
3 in. HgA 97.5 percent of the time. At design conditions, evaporation loss to 
t he atmosphere will be approximately 380 gpm per tower. Design drift loss 
through the tower stacks is 0.002 percent of the circulating water flow, or 
less than 0.5 gpm for each generating unit. 
Cooled water from the cooling tower collects in the tower basin and then 
flows to the circulating water pump structure. This structure is located at 
one corner of the cooling tower, and houses the pumps for both units. The 
circulating water pump for each unit discharges through a 36-inch diameter 
line, which carries water to the turbine building, through the condenser, and 
back to the cooling tower. Four 36-inch diameter lines run between the 
turbine building and the cooling tower. 
Noncondensable Gas Removal System 
Ejectors, using steam from the geothermal wells as motive fluid, remove 
the noncondensable gases entering the condenser with the exhaust steam from 
the turbine. This is a two-stage system with inter- and after-condensers 
cooled by water supplied from the circulating water system. The system 
contains two parallel units for each condenser, each capable of handling 
50 percent of the design gas load. This allows ejector steam and cooling 
water consumption to be reduced if the quantity of gases is lower than the 
design value. Both sets of noncondensable gas removal equipment are used when 
main condenser vacuum cannot be maintained with one set. 
Two lines from each condenser carry the noncondensable gases, along with 
some steam, to the two first-stage ejectors. The motive steam and 
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noncondensable gases from the first-stage ejectors are combined; the steam is 
condensed in the inter-condenser at a pressure of 7.5 in. HgA. The gases are 
removed from each inter-condenser by the two second-stage ejectors. The 
exhaust from the second-stage ejector condenses in an after-condenser at a 
pressure of 1 psig, and the noncondensable gases are routed to the gas 
injection facility. 
Pollution Control Abatement Systems 
The proposed abatement systems for the potential types of pollution 
CH2S, solid wastes, process water, cooling tower drift, and noise) are 
described below. 
~2~. The H2s that enters the power plant with the noncondensable gases in 
the geothermal steam i s divided, or partitioned, into two streams in the main 
condenser. More than 98 percent of the H S is the 
condenser with the other noncondensable gases; the ts the 
condenser dissolved i n the steam condensate. This magnitude of partitioning 
has been experienced in flow tests of wells on the project site. It is also 
obtained at the HGP-A power plant, which utilizes a well that produces steam 
with chemical composition similar to wells on the project site. 
The noncondensable gas stream is supplied under pressure to a gas 
injection well for disposal in a nonreservoir rock strata. The zone currently 
under consideration for this purpose is j ust above the reservoir cap rock; 
there t he injected gases would combine with H2s natural lY leaking from tbe 
reservoir into the nonpotable aquifer in this intermediate depth zone, as 
shown in Figure 2-1. The small volume of noncondensable gas (1,000 lb/hr) 
involved is easily soluble in the volume and chemistry of the existing 
brackish aqur fer; natural scrubbing is expected to prevent any release of 
H2s to the environment. 
Two 100 percent capacity compressors, designed for sour gas service, 
compress the noncondensable gases for injection. In the unlikely event that 
both compressors are inoperable or the as injection well requires 
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maintenance, t he gas flow is diverted to the liquid injection system where the 
fluids are combined for injection directly into the reservoir. An emergency 
system, cons i sting of a scrubbing tower with sodium hydroxide (NaOH) 
scrubbing , will also be available. If none of fhe systems are functioning, 
the power plant shuts down and s team diverts to the steam release facility for 
abatement by chemical means . 
If abatement of the less than 2 is dissolved in 
t he conuensate is necessary to m~et H2s emission re uirements, NaOH will be 
in ected irrto the condensate to abate the H S. 
/ 
Should the noncondensable gas in iection system be unable to control H2S 
emissions adequately, the RT-2 system developed o Dow would be used to abate 
the H2S. Ln th~s system, the noncondensable gases are thermally oxidize 
(incinerated) and scrubbed with NaOH. The condensate is then t reated with a 
regenerative · ron compound. The two fluid streams are combined to produce 
environmentally acceptable sulfate and sulfite compounds that are dissolved in 
the condensate and i njected at the geothermal reservoir depth with the cooling 
tower blowdown. Injection also minimizes waste stream disposal and handling. 
This system represents the state-of-the-art in surface chemical treatment of 
H2s from geothermal resources, and a form of this technology is in use at 
the HGP-A power plant. 
Gas injection is planned for the 25 MW geothermal power plant that is 
currently under construction at Coso, California. Prior to the beginning of 
construction, gas injection was demonstrated at the Coso site. A rogram to 
demonstrate gas injection will also be carried out at the PGV project site. 
This program will be performed in advance of the start of construction to 
select the design pressure for the gas injection compressors. The results of 
this program will also give an early indication regarding the need to install 
the Dow RT-2 incineration process for H2s abatement. 
Solid Wastes. Sludge that accumulates in the cooling tower basins is 
periodically removed and placed in a wellpad sump for evaporation. 
that remain will be periodically covered with soil. 
I ' 
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Process Water. The process water consists principally of the brine fraction 
of the produced geothermal fluid and the cooling tower blowdown. Lesser 
amounts come from the plant drainage system, the wellfield condensate handling 
system, and the steam conditioning facility. The collectea liquias re pumped 
into the injection well a long with the cooling tower blowdown. Disposal by 
injection removes any need to discharge the process water to the surface. The 
average injection flow rate during normal plant operation is about 280 gpm. 
Cooling Tower Dr~ft. The water droplets making up the cooling tower drift 
contain dissolved solids and noncondensable gases in the same low 
concentrations as the circulating water. The design of the cooling tower 
limits the drift loss to less than 0.002 percent of the circulating water 
flow, which is less than 0.5 gpm for each generating unit. This drift has a 
maximum of about 400 ppm TDS. It evaporates in the air or falls to earth 
within a few hundred yards of the cooling tower, where it either evaporates or 
percolates into the ground • 
Noise. Numerous noise abatement measures are included in the project design. 
Steam handling equipment, steam piping, and steam ejector housings will be 
insulated. Waste steam will be directed to the condenser via the turbine 
bypass system. I f atmospheric discharge of the steam is re uired, it will be 
made through an effective rock muffler system. A low-noise enclosure for the 
operators will be provided inside the turbine building. An enclosed building 
will house the air compressors, which will reduce the amount of noise escaping 
to the outside environment. Ancillary equipment will be quieted as feasible. 
Electrical Systems 
Major electrical equipment !ncludes the main power, auxiliary, station 
service, and current and potential transformers; generator circuit breakers; 
4,16D-volt switchgear; 480-volt load centers; 480-volt motor control centers; 
station batteries; and an emergency generator. 
Each generating unit has a forced-air, air-cooled, three-phase main power 
transformer to step up the 13.8 kV generator voltage level to the 69 kV 
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transmission level, and reduce off-site power to 13.8 kV for auxiliary loads 
when the generators are not operating. An auxiliary transformer in each unit 
reduces the 13.8 kV generator output voltage to 4.16 kV, supplying power to 
the circulat i ng water pumps and station auxiliary transformers. The station 
service transformers further reduce the 4.16 kV to 480 V buses for in-plant 
use. 
Switchgear at the 4,160-volt/480-volt load centers and 48Q-volt motor 
control centers are designed to meet in-plant electrical requirements. 
An emergency diesel-generator unit produces 175 kWe of 480 V power for 
essential electrical services if the system power fails. There is sufficient 
capacity to support one fire pump, one air compressor, the battery chargers, 
the HVAC system, and emergency lighting. 
Auxiliary Systems 
Auxiliary power plant systems include the compressed air system, service 
water system, makeup water system, fire protection system, and the heating, 
ventilation, and air conditioning (HVAC) system. 
Compressed Air System. Compressed air is required for instrumentation, 
control, and plant maintenance (service air) requirements. The compressed air 
is distributed throughout the plant at 100 psig from a central compression 
system that includes reciprocating compressors, desiccant-type dryers, and 
dry-air storage tanks. 
Service Water System. Service water is required for drinking and sanitary 
uses. Normal usage during operation is estimated at 200 gpd. A water line 
will SUP-PlY potable water from the count water main. Emergency showers and 
eyewash stations using this potable water are provided in the primary and 
secondary H2S abatement areas. 
Makeup Water System. A rain catchment-water stora e s stem will be employed 
to collect the water supply necessary for turbine bypass conditions. 
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Additional supplements from the condensate blowdown and the trucked-in water 
should meet the requirements of bypass operations. 
Fire Protection System. The fire protection system is designed in accordance 
with National Fire Protection Association standards, and includes the 
following: 
o Fire protection water supplies, pumps and controllers, yard 
mains, hydrants, and valves 
o An automatic wet pipe and fusible link sprinker system over 
the operating bay and storage areas 
o Automatic wet pipe, fusible link sprinkler systems at the 
turbine lube-oil reservoirs, diesel generator fuel tank, 
cooling tower, and oil-containing areas of the switchyard 
o A wetdown system at the cooling tower 
o Portable Halon extinguishers in the control room with backup 
water hoses 
The cooling tower basin is the primary source of water for fire 
suppression. Each of the two basin sections stores 125,000 gallons of water. 
Two full-capacity fire pumps rated at 1,000 gpm at a 280 ft TDH for the entire 
plant are available. Both pumps are electrically driven, with emergency power 
for one pump available from the plant diesel-generator. The water loops 
around the plant provide main coverage for all buildings and enclosures. Hose 
stations are positioned approximately every 250 feet in the yard~ and every 
50 feet in the main bay of the turbine building. 
The control room, motor control center, and electrical rooms are protected 
by a low-pressure co2 fire extinguishing system. These rooms are not 
normally occupied by operating personnel. co2 has been selected for fire 
extinguishing in these areas to prevent water damage to the equipment; water 
hoses are supplied in the event that the co2 fails to extinguish the fire. 
Portable Halon extinguishers are also provided in the control room. 
HVAC System. Air conditioning is provided for the electrical equipment and 
control rooms. The system will be designed to prevent heat buildup and 
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maintain a positive pressure in the rooms. This prevents contamination by any 
H2S in the ambient air, which might affect electric circuits. The air 
conditioning unit includes a sealed refrigeration system and coil, outside air 
supply duct (including dust and H2s filters), and an air distribution fan. 
The remainder of the turbine-generator building is cooled by three roof-
mounted, motor-driven ventilators. 
Power Plant Structures 
The power plant will be designed and built using modular construction 
methods. The exact location and dimensions of the structures required for the 
power plant will not be known until the design of the facility is made final. 
The preliminary design indicates three main structures, i.e., the main turbine 
generator building and two adjacent cooling towers, occupying the site, as 
shown in Figure 2-5. There are also several smaller structures, including an 
administration building, control building, machine shop, warehouse facilities, 
transformers, and chemical tanks. 
Power Plant Site Selection. The final layout of the power plant site will be 
determined prior to construction, with designs submitted to the county for 
approval. A preferred site has been selected, based on the evaluation of 
factors such as atmospheric dispersion of allowable H2S emissions, visual 
impacts, land disturbance, topography, noise impacts, accessibility, 
protection from lava flow, geology, and relative position to the proposed 
wellfield development. This location is an area of approximately 5 acres 
along the southwestern flank of Pu'u Honua'ula, shown in Figure 2-2. 
Buildings. The turbine-generator building, shown in Figures 2-6 and 2-7, is 
the largest structure on site, approximately 73 feet wide by 143 feet long. 
The height will vary according to the requirements of that area of the plant. 
The highest point is in the main turbine bay, where the need for an overhead 
crane requires at least a 30-foot ceiling; the condenser bay is closer to 
15 feet high. The structural steel side walls and roof framing are covered 
with aluminum siding and roofing. 
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The control building is adjacent to the turbine-generator building. It 
contains the control room, electrical room, emergency diesel-generator, 
battery room, office, and lavatory. 
A single-story administration building with about 2,000 sq ft of office 
space is located adjacent to the main entrance road to facilitate control of 
site access. 
Structural Design. All building structures are steel frame construction; 
these structures and major equipment rest on reinforced-concrete footings. 
Minor equipment is placed on floors or mounted on walls. Anchors, sized to 
meet the appropriate load requirements, will secure all equipment to 
foundations, mounting pads, or surfaces. All structures, foundations, and 
footings are designed to support all applicable loads. 
Foundation Design. A slab foundation will be provided for the turbine-
generator building, with footings for each column. The turbine-generators 
will be supported on a reinforced-concrete pedestal that sits within this 
slab, and the main condensers each will sit on six footings. The outdoor 
electrical transformers will be mounted on concrete foundations, surrounded by 
dikes to contain any spillage. Concrete fire walls, with a 3-hour rating, 
will stand between the transformers and the turbine building. 
Cooling Towers. Cooling towers are positioned to maximize access to wind 
flow, thus diluting both thermal discharges and H2S emissions with a large 
volume of air. The current design, shown in Figures 2-6 and 2-7, envisions 
having one tower for each of the two generating units, with preliminary 
dimensions of 75 feet long by 73 feet wide by 40 feet high. Each tower is a 
two-cell mechanical induced-draft unit. A 6-foot-deep reinforced-concrete 
basin, lined with a coal tar epoxy compound as a protective coating, lies 
below each structure. On warm summer days, the plumes from the cooling towers 
are not expected to be visible. However, on cool days with high humidity, the 
water vapor emitted from the towers will tend to condense, creating visible 
white plumes, as described in Section 10. • 
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Circulating Water Pump Intake Structure. The circulating water pump intake 
structure will be located on one side of the cooling tower basin. Each unit 
will have a full-capacity pump, and there will be a common standby. Two 
fire-fighting water pumps can draw water from either basin section. 
Site Drainage 
The high porosity of the volcanic soils in the site area ensures rapid 
percolation of rainwater, with insignificant runoff. In areas where chemicals 
are handled, concrete pads and berms will be provided to contain possible 
spills. Where necessary, catch basins, culverts, ditches, and berms will be 
provided for drainage control. 
Roads and Fencing 
Wherever practical, existing roads will be upgraded as needed to provide 
access to the project facilities. Primary access to the site will be afforded 
by the existing farm road off Highway 132, and a secondary entrance will be 
afforded by the current entrance on Pahoa Pohoiki Road. Both access roads 
will be engineered and upgraded to handle construction and operation needs. 
Before t he road s are ~ons tructed, final engineering plans will be provided to 
the county and DLNR. 
Six-foot-high chain-link fencing. topped with barbed wire, will be 
installed around the power plant boundary and each of the wellpads. A gate at 
each entrance to the site will restrict unauthorized access. 
Construction Yard 
A temporary construction yard of about 5 acres will be located next to the 
main entrance road to the plant, off Highway 132, as shown in Figure 2-2. The 
yard will be fenced. 
Helicopter Pad 
A helicopter landing pad will be located next to the main entrance road to 
the plant, as shown in Figure 2-2. It will facilitate the emergency 
transportation of any injured personnel to the hospital in Hilo. 
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Hazard Mitigation 
The East Rift Zone has two types of potential geologic hazards: volcanic 
and seismic. The risks posed to engineered structures and installations can 
be significantly mitigated by appropriate procedures in facility siting and 
design. 
PoteQtial volcanic hazards consist of lava eruptions, lava flows, ash 
falls, splatter falls, and their associated surface disruptions. The risk 
associated with these hazards has been greatly educed by locating the lant 
site and wellsites on high grouna, avoiding the low areas. Quickly 
constructed berms or blankets of volcanic cinders will be utilized to protect 
the lower wellpads and, if possible, key elements of pipelines. 
Each wellhead wi~l be protected from lava flow by filling the concrete 
cellar, which contains the master wellhead valve, with cinders. 
~otentia seismLc hazards are generated by earthquakes and include ground 
motion, ground ruptures, and subsidence. The strength and duration of motion 
from the strongest projected earthquake that might impact the Puna project 
area can be mitigated by appropriate design. The power plant, including all 
mechanical equipment, is designed in accordance with the standards of Uniform 
Building Code (UBC) seismic zone 3, with mean horizontal acceleration, 
velocity, and displacement of 0.25 g, 25 em/sec, and 10 centimeters, 
respectively. Buildings and other permanent structures will be oriented with 
their longest dimensions parallel to the axis of the rift. Ground cracking 
and ruptures will most likely be associated with volcanic activity. The 
mitigation procedures previously outlined will also minimize the effect of 
these types of ground failure. 
Fluid pipelines are the most vulner able to disruption f om geologic 
hazards. Circumstances may preclude the effective actions required to 
minimize fie l d disruptions. Under these abnormally extreme conditions, timely 
shutoff of the wells and power plant will take P.la~e and pipeline damage will 
be repaired in the shortest practicable period of time. To further reduce 
• risk and ensure timely warnings of impending geologic hazards, close 
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coordination is planned among the Hawaiian Volcano Observatory, the Hawaiian 
Institute of Geophysics, and TPC. 
2.5 CONSTRUCTION 
The development schedule for the wells, wellfield facilities, and power 
plant is shown in Figure 2-8. As indicated in the figure, the first 12.5 MW 
unit is scheduled to be in commercial operation by the end of 1989, and the 
second 12.5 MW unit by the end of 1991. To support these dates for commercial 
power production, permitting is scheduled to be completed by November 1987. 
Wellfield drilling and development is scheduled in two increments to support 
the two generating units. 
Estimated peak employment at the site during construction is expected to 
be up to 100 persons. Construction work will be accomplished, to the extent 
practicable, by local contractors and the local labor force. 
Cut-and-fill slopes, as well as any uncovered level areas, will be seeded 
or planted with native vegetation. At the end of construction, all temporary 
buildings will be removed from the site, the fence surrounding the 
construction yard will be removed, and surplus materials and waste will be 
removed. 
2.6 OPERATION AND MAINTENANCE 
Staffing and Schedule 
Operation. The power plant and wellfield will operate continuously 7 days per 
week. Qualified operators will be on site whenever the plant is operating. 
Maintenance. Routine maintenance is conducted by workers during the normal 
daytime work shift. If either of the plant's two units is out of service or 
operating at curtailed output, the work will be done 24 hours per day, 7 days 
per week, until full power output can be resumed. If both units are operating 
at approximately full power, the maintenance work will be done by one shift 
per day, 5 days per week. 
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Scheduled maintenance will be conducted f or each generating unit at 
intervals of 1 to 2 years, as needed. During these planned outages , thorough 
maintenance procedures, such as turbine disassembly/inspection and condenser 
inspection/repair, will be conducted. These scheduled maintenance periods 
will re uire ap2roximately 4 weeks for each unit and will be coordinated with 
HELCO to ensure the maintenance of a reliable power system. During this time, 
appropriately sized maintenance crews will be engaged around the clock, 7 days 
per week. Work crews will be rotated at 8- to 12-hour intervals. 
Monitoring and Maintenance 
Wellfield Monitoring. All wellheads will be equipped with local temperature 
and pressure gauges on the well casing below the master valves. Flow from 
each well is measured by an orifice flow meter in the line downstream of each 
control valve. Flow indication is local, and operation of the flow control 
valves is manual. The control valves at the steam release facility will have 
air-piston operators that respond automatically to signals from the plant 
control room or upon sensing overpressure in the steam pipeline. The H2s 
abatement system at the steam release facility will operate automatically when 
steam is vented . 
Continuous ambient air monitoring of H2S will use the existing network 
of monitoring stations, as described in Section 6. Similarly, hydrological 
monitoring around the injection wells provides the means to ensure that no 
adverse effects result from injection . Portable noise measuring devices 
monitor noise from wellfield operations. 
Wellfield Maintenance. Generally, wellfield maintenance will be performed 
without shutting off the flow of steam from any well. When this is not 
possible or safe, maintenance work for the wellfield will be phased so that 
the fewest possible number of wells are shut in and that wells are shut in for 
a minimum time. 
Power Plant Monitoring. The power plant is designed for one~person 
operation. The plant operator performs prestart checks and manual valving, 
monitors the plant during operation, and periodically inspects the local 
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equipment. The two power plant units are operated from a single control 
room. 
Control systems will operate automatically to prevent injuries to plant 
personnel or major equipment damage. During normal operations, standby 
equipment will start automatically to avoid tripping a turbine-generator 
unit. There will be an independent, self-contained control system for each 
generating unit. 
Normal Startup and Shutdown 
The turbine bypass system is used during plant startup and shutdown. When 
steam flow to the plant is initiated, it is routed through the bypass to the 
condenser. The gas removal and the gas injection systems are operational at 
this time. Flow is gradually increased and, once it is stabilized, the 
turbine-generator is brought on line. As the turbine-generator load is 
increased, the amount of steam bypassed is reduced until the bypass valves are 
closed. Plant shutdown is handled in a similar fashion, utilizing the bypass 
and turbine-generator in parallel until the turbine-generator is off line. 
Turbine Generator Trip 
The turbine by ass allows a full-load turbine trip without diverting flow 
to the steam release facility. Upon initiation by a turbine-generator trip 
device, the turbine bypass valve(s) open and main steam bypasses the turbine 
and proceeds directly to the condenser. 
Each 2.5 MW unit can continue to handle full bypass flow for up to 24 
hours while the cause of the trip is analyzed to determine the length of time 
needed for repair. If it is determined that corrective actions can be 
completed within a reasonable period, and the malfunction is not associated 
with any of the subsystems required for operation of the turbine bypass, the 
steam supply will be reduced and the bypass will continue to operate at this 
reduced flow rate. If a longer outage is required or the turbine bypass is 
not functional, the steam will be diverted to the steam release facility. The 
wellfield will be shut in only in the case of long-term outages. Shutting 
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down wells and returning them to service is generally minimized in geothermal 
operations around the world, because it can cause damage to the wells, which 
reduces their life. The cooling tower basin is sufficiently sized to allow 
for the negative water balance that could occur during the turbine bypass mode 
of operation. 
Emergency Response Plan 
An emergency preparedness plan for well drilling and testing has already 
been approved by the county nd is in effect. It contains the details of 
procedures and chain of command that apply in the case of an emergency. 
Similar plans for construction and operation will be issued prior to the time 
they are needed, as described in Section 9. 
2.7 DECOMMISSIONING 
Plan for Decommissioning 
When economic and resource conditions dictate that the power plant is to 
be decommissioned, the following steps will be taken to restore the site to an 
environmentally acceptable condition: 
o Structures and piping will be removed. 
o Dry or abandoned wells will be plugged with concrete, 
wellhead equipment and casing removed to below grade, well 
casing capped, and the surface restored. 
o Roadways will be abandoned to the extent agreed upon with 
the landowner. 
o The site will be regraded to approximate original contours, 
and the project area will be seeded or planted with natural 
vegetation. 
AR:6760d 2-40 
• 
• 
• 
• 
• 
• 
Section 3 
land Use and Infrastructure 
• 
• 
Section 3 
LAND USE AND INFRASTRUCTURE 
This section covers issues related to the compatibility of the proposed 
project with existing and future (to the extent known) land use. A discussion 
of infrastructure is also included. 
3.1 ENVIRONMENTAL SETTING 
Regional Land Use 
The lower Puna District, where the project site is located, encompasses 
approximately 70 sq mi (see Figure 3-1). The boundary between the upper and 
lower portions of the Puna District is the line where small-lot subdivided 
land in upper Puna adjoins large-scale landholdings in lower Puna. The 
western portion of lower Puna, which is not shown in Figure 3-1, consists 
primarily of the Puna Forest Reserve and Hawaii Volcanoes National Park. 
Uncultivated Vegetation. As shown by the existing land use data in 
Figure 3-1, most of the land in the lower Puna District is covered with 
"natural" (i.e., uncultivated) vegetation. This land includes essentially all 
of the areas within the State Conservation District (the Nanawale Forest 
Reserve, the Malama-Ki Forest Reserve, and the coastal area between Highway 
137 and the shoreline). Natural vegetation is also the predominant cover type 
within areas depicted on the map as "urban residential, undeveloped" and 
"residential agriculture, undeveloped," but small parts of these areas have 
been cleared for roads and a few residences. 
Agriculture. The next most extensive land use in the region is agricultural. 
Lumbering of the native ohia trees for the sawmill that operated in Pahoa 
between 1907 and 1918 resulted in cleared land, which was subsequently used 
for the cultivation of sugarcane. From the 1920s until the early 1980s, 
sugarcane remained the dominant crop in the region, and the Puna Sugar Company 
was the single largest employer. Sugar prices have remained at depressed 
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levels for some years, however, and in 1985, the Puna Sugar Company ceased 
operation. 
With the closing of the Puna Sugar Company, papaya has become the 
principal agricultural crop. Acreage planted in papaya has steadily increased 
over the last few years as the Puna Sugar Company phased out its sugarcane 
production. The July 1986 total is approximately 8 percent higher than the 
July 1985 figure; the 1985-1986 growth rate in acreage is substantially higher 
than the increase during the preceding year, indicating continued health in 
the industry. Crop acreage figures are available only on an island-wide 
basis, but the Agricultural Statistics Service estimates that over 90 percent 
of Hawaii Island's papaya land (about 3,760 acres in 1986) is in Puna. 
The pattern of papaya orchards changes from year to year. This is due to 
a combination of cultivation practices and a soil fungus that attacks young 
papaya seedlings. Because the papaya trees generally become too tall for 
efficient harvesting after 2 years, the practice is to cut the trees down and 
replant with seedlings. It does not become apparent whether the soil is 
infected until replanting, since the mature trees are not affected. The land 
can be used again for another planting of papaya if there is enough sterile 
soil with the seedlings (Jodar, 1984). The fungus is not as prevalent during 
relatively drier weather; apparently it does best in wet weather, which also 
makes spraying as a control more difficult and costly. Aerial photos indicate 
that about 500 of the acres leased by TPC are used for papaya orchards. When 
orchard land is abandoned, natural scrub vegetation quickly invades the land. 
Some agricultural land in Puna is also devoted to other types of produce, 
cattle grazing, and flower cultivation. Scattered within the natural 
vegetation areas and, to a lesser extent, the sugarcane fields, are numerous 
small stands of marijuana. Marijuana is believed to occupy only a very small 
area of the Puna District. Nevertheless, the high value of this crop makes 
income from this source a significant factor in the local economy. 
Residential Subdivisions. Large portions of the Puna District, especially 
upper Puna, were subdivided into residential lots during the late 1950s and 
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early 1960s. The sections of the Ainaloa, Orchid Land Estates, and Hawaiian 
Paradise Park subdivisions visible in the northwest corner of Figure 3-1 are 
small parts of the more than 40,000 acres of subdivided land in upper Puna 
(Planning Commission, 1974). Closer to the site, about 6,000 acres are 
contained in the recent subdivisions and in the older settlements of Pahoa and 
Kaniahiku. The distinction made in Figure 3-1 between urban residential and 
residential agricultural subdivisions is based on lot sizes. The lots 
classified as residential/agricultural range in size from 1 to 5 acres. Areas 
shown on the figure as urban residential lots include those that have been 
subdivided into lots of less than 1 acre (most are between 8,000 and 
20,000 sq ft in size). The determination of developed or undeveloped status 
was based on the density of structures shown on the three U.S. Geological 
Survey quadrangles (U.S. Department of the Interior, 1980, 1981) covering the 
area; these, in turn, were developed from aerial photos taken in 1977. 
Most of the subdivisions in Puna were approved in the 1950s and early 
1960s, prior to the enactment of the county of Hawaii's subdivision and zoning 
codes. Consequently, many do not conform to current standards for lot size 
and infrastructure improvements (roads, sewer, water supply, etc.). However, 
the right to develop has generally been "grandfathered," since the lots 
existed at the time the regulations were established. 
Many of the old subdivisions that contain urban-sized parcels, i.e., lots 
smaller than 1 acre, are in the State Land Use Commission's Agriculture 
District. These include the Hawaiian Beaches, Hawaiian Parks, and Hawaiian 
Shores subdivisions. The county's zoning designation for these parcels, which 
by law must conform to the state's land use district designation, is also 
agriculture. 
Portions of the recent urban residential subdivisions have been developed 
and are occupied primarily by residents commuting to work in Hilo. Most of 
the larger lots in the residential/agricultural subdivisions remain in their 
natural state. Profitable agricultural use generally is not feasible on these 
lots, given the lot sizes (1 to 5 acres) and conditions (heavily wooded and 
limited water supply). Moreover, a smaller lot is generally adequate and 
cheaper for residential use. 
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Recreational Land Use. Puna has many natural recreational areas. Tnese 
include the Hawaii Volcanoes National Park and many beach parks, such as Harry 
K. Brown, Isaac Hale, McKenzie, Kaimu Beach, and the area around Queen ' s 
Bath. Tour buses frequently stop at the black sand beaches of Kaimu and 
Kalapana, but seldom stop at the other beach parks. Lava Tree State Park , 
less than a mile from the PGV project site, is also seldom disturbed by 
tourism. 
In the population centers, there are five ball parks or general public 
parks, playgrounds at Kea'au and Pahoa schools, and two gymnasiums open to the 
public (Canon, 1980). 
Commercial Areas. The only commercial area within 5 miles of the project site 
is in Pahoa, and contains mostly restaurants and small shops. Major shopping 
centers are located outside the region in Kea'au and Hilo. 
Land Use at and near the Site 
• 
The boundaries of the PGV project are shown in Figure 3-2. The various • 
existing land uses on and near the PGV-controlled land, as well as subdivision 
boundaries, are also shown in this figure. The figure is based on aerial 
photographs taken by Air Survey Hawaii on March 8, 1984, and on field 
observations made in January 1984. Land cover categories depicted include 
recent lava flows, woodland vegetation, other natural vegetation, papaya 
orchards, other agricultural crops, and cleared land. 
Residential development is limited in the immediate vicinity of the 
project site, although three subdivisions border part of the western and 
southern boundary of PGV land. The eastern portion of Lanipuna Gardens, to 
the south of the proposed power plant and well sites, has 89 lots, only three 
of which contain structures. Across Pohoiki Road to the west are the 10-lot 
Kapoho Estates and 14-lot Pohoiki Bay Estates subdivisions. All the lots are 
1 acre in size except for one 18-acre and one 40-acre lot in the subdivisions 
to the west of Pohoiki Road; these larger lots could be subdivided at a later 
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date. The lots in these subdivisions are located 0.4 to 1 .0 mile from the 
proposed power plant site. 
The large subdivision of Leilani Estates, with 2,266 1-acre lots, is just 
to the west of the Kapoho Estates and Pohoiki Bay Estates. South of the 
Leilani Estates are 31 lots in the western portion of Lanipuna Gardens. Each 
is about 1 acre in size except for one 3.7-acre lot that encompasses a small 
hill. There is 1 mile or more between these subdivision lots and the power 
plant site. 
Other nearby subdivisions include the Nanawale Farm Ranch Lands (also 
called Hawaiian Holiday Estates). The 88 lots in this subdivision are located 
about 1 mile north of the PGV lands and range in size from 1 to 5 acres. To 
the north of these is the Nanawale Estates subdivision with 4,289 urban-size 
lots of less than 10,000 sq ft (County of Hawaii, Planning Commission, 1967). 
There are currently no applications for approval of large-scale subdivisions 
in the vicinity of the project site • 
The PGV project is within the Kapoho Geothermal Subzone as designated by 
the county of Hawaii. In addition to the PGV geothermal facilities, there are 
two other geothermal projects in the immediate vicinity. The state-owned 
HGP-A research and demonstration facility produces 3 MW of electricity. The 
power plant is operated under contract by HELCO, and its output is fed into 
HELCO's island-wide power grid. Lanipuna Well No. 6, drilled by Barnwell 
Geothermal Corporation, is located about 4,000 feet to the east of HGP-A. 
State records (Tagamori, 1984) show that this well was drilled to a depth of 
5,000 feet, and that Lanipuna Well No. 1 was drilled to a depth of 8,000 feet; 
both wells are nonproductive and activity has been suspended. 
Infrastructure 
Roads. State Highway 11 is the primary Hilo-Puna-Kea'au route. The primary 
routes connecting lower Puna to Kea'au and Hila are the Pahoa Road (Hawaii 
130), the Kapoho Road (Hawaii 132), the Puna Coast Road (Hawaii 137), and a 
portion of the Chain of Craters Road. State Highway 11, the Chain of Craters 
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Road, the Kaimu Bypass Road, and most of the Kea'au to Pahoa Road are 
all-weather surfaced and in good to excellent condition. The others are in 
need of repai r , widening, or other improvements (State of Hawaii, Department 
of Planning and Economic Development, 1982b, p. 3-24). Pohoiki Road, which 
currently serves the PGV site, is under county jurisdiction. Access to the 
PGV site during construction and operation of the project will be afforded by 
Highway 132 (Kapoho Road). A right-turn lane into the project area will be 
provided for traffic coming from Hilo and Pahoa to prevent any traffic 
impediment caused by vehicles turning into the project area. 
State Route 130 (Kea'au-Pahoa Road) currently runs through the center of 
Pahoa Town. However, the State Department of Transportation has proposed 
construction of the Pahoa Bypass Road, which would carry through traffic 
around the heart of the existing urban area. The proposed bypass road begins 
about 1,000 feet north of Kahakai Boulevard and rejoins the existing alignment 
adjacent to Pahoa High and Elementary Schools. The new alignment is generally 
parallel to, and about 2,000 feet northeast of, the existing route. 
Plans for the Pahoa Bypass Road call for it to have two 12-foot-wide 
traffic lanes and 8-foot shoulders. The design has been completed for some 
time, and right-of~ay acquisition is currently under way. While the bypass 
project is relatively high on the State Department of Transportation's 
priority list, it has not yet been listed on the department's capital 
improvement budget, and construction funds have not been appropriated. If the 
1987 State Legislature appropriates construction money, the improvements could 
be completed as early as the summer of 1988, but 1989 or 1990 is probably a 
better estimate of the earliest date the improvements could be in place. 
Arterial roads and highways are adequate to handle the truck traffic 
associated with the various current agricultural endeavors. Improvements to 
Pohoiki Road may be required, however, if traffic from papaya and macadamia 
nut farms in the area increases. It is anticipated that "cane haul" roads 
will provide access, for future agriculture development, to lands once used 
for sugarcane; however, some of these roads may have to be upgraded. It is 
expected that roads of this type will continue to be privately owned and the 
responsibility of the landowner or the lessee. 
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Utilities. Telephone service is provided by the Hawaii Telephone Company; 
expansion is provided as demand requires. During construction, electrical 
power will be provided by HELCO, a subsidiary of the Hawaiian Electric Company 
(HECO). A 34.5 kV transmission line extends to within approximately 1 mile of 
the existing PGV wells. Power transmission is by overhead lines; the poles 
are shared with the telephone system. 
During operation, on-site power requirements will normally be met using 
power generated at the plant itself. As an emergency backup, a 1.75 kWe 
generator producing 480-volt, three-phase, 60 Hz power will be available if 
the system power fails. This is sufficient to operate one fire pump, one air 
compressor, the battery chargers, the HVAC system and the emergency lighting. 
This generator will be driven by a diesel engine; enough fuel will be stored 
on site to operate the emergency generating system for at least 24 hours. 
Power from the proposed 25 MW geothermal plant will feed into HELCO's 
island-wide grid through a new transmission line, which will be owned, 
constructed, and operated by HELCO. An environmental impact statement on thi~ 
new transmission line is currently being prepared by HELCO and is expected to 
be completed in June 1987 (HELCO, 1987). 
Water Supply and Distribution. The public water supply and distribution 
system is operated and maintained by the County Department of Water Su ply. 
There are four major public water systems in the Puna District , one of which 
has been extended to the HGP-A well site. Project requirements are estimated 
at about 200 gpd from this system. 
The municipal water supply on the island does not extend to all areas of 
Puna. Because most crops in Puna are not irrigated, extensions of this water 
system will not be required to support most of the agricultural activities 
predicted for the area. Flower and foliage products are an exception; in 
periods of drought, catchment may not provide sufficient water for these 
crops. Residents of areas without centralized water systems (including many 
in the Kapoho area, near the project site) rely on the roof catchment method 
for their supply. During periods of drought, the county assists these 
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families in replenishing their water supply. At such times, the county pays 
two-thirds of the cost of water (County of Hawaii, Planning Department, 1979, 
p. 33). Extensions of the county water system to current and future residents 
not served by the municipal system will be determined by the county in 
relation to its island-wide Capital Improvement Programs budget. 
Disposal System. Municipal sewer systems are nonexistent in Puna. Sewage 
disposal in the district is by means of indivioual cesspools, septic tanks, or 
aerobic treatment units. 
It is estimated that the proposed project would generate an average of 
less than 200 gallons of domestic wastewater per day. During short periods of 
scheduled and unscheduled maintenance activities, this could increase to as 
much as 1,600 gallons per day as a result of the increased on-site 
population. Current plans are to dispose of this wastewater by use of on-site 
cessP-ools. In view of the highly porous nature of the soils and underlying 
rock, these are expected to perform satisfactorily. No public drinking water 
sources would be affected by this disposal system. 
3.2 ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION 
Land Use Impacts 
The project will use about 12 surface acres of the more than 10,000 acres 
controlled by PGV. None of the areas to be disturbed (for access roads, 
wellpads, and steam lines) is currently actively cultivated. Vegetation and 
other biological resources are discussed in Section 7. 
New barriers created during construction may make access to certain parts 
of the orchard slightly more inconvenient for the papaya farmers. The steam 
line that could most affect farm equipment movement is the 1,500-foot line 
between the power plant site and the liquid injection wellpad. This 
inconvenience is unlikely to cause these portions of the papaya orchard to be 
abandoned. 
There will be no direct impact on site land use except for the clearing 
and barriers discussed above. Noise and dust from construction operations may 
AR:6683d 3-12 
• 
• 
• 
• 
impact nearby land uses. The extent of these impacts is discussed in 
Sections 6 and 8. Disturbed areas will be restored as near as reasonably 
possible to their original condition following facility shutdown. 
Infrastructure Impacts 
The infrastructure requirements for the Puna District, including community 
services, housing, and other facility requirements, are not expected to be 
significant (State of Hawaii, Department of Planning and Economic Development, 
1982b, p. 7-10). Traffic through Pahoa will be increased during construction 
of the project, but it will be of limited duration and should not cause any 
significant congestion in Pahoa. If the currently proposed Pahoa Bypass Road 
is constructed before the start of construction on the PGV project, there 
should be no noticeable effects on Pahoa traffic at all. A right-tum lane 
for traffic coming from Hila and Pahoa will be constructed at the entrance to 
the project area from Highway 132 (Kapoho Road). 
During operation, the proposed project would add about 10 to 18 vehicle 
• trips to existing traffic volumes. This amounts to a less than one-half 
percent increase over existing volume at the intersection of Highway 132 
(Kapoho Road) and Highway 130 (Kea'au-Pahoa Road). This increase should not 
cause a significant impact on traffic in the project area. 
• 
Other access roads to the site may also need to be constructed, as 
indicated in Section 2 and in Figure 2-2. Water and sewage disposal is 
expected to be provided by the developer. 
3.3 PROPOSED MITIGATION MEASURES 
land Use Impacts 
To minimize the area affected by construction equipment and activities, 
the wellpads will be fenced as soon as grading is completed. All construction 
materials and equipment will be kept within these boundaries or on the 
internal roads • 
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To reduce any impacts of land clearing~ the following measures will be 
taken: 
o Productive papaya orchard land will be avoided as much as 
possible. 
o Interference of construction traffic with papaya farmers' 
tractor roads will be avoided to the extent possible. 
o Access will be provided to papaya farmers through the 
pipeline layout area. 
When c l eared pad areas or pipeline corridors are no longer required, they 
will be promptly revegetated and restored. 
The project layout is designed to minimize the amount of surface 
disturbance. Once the power plant and wells have reached the end of their 
35-year economic life, the project site can be restored to its original 
agricultural land uses and natural vegetation, in accordance with the rules of 
the State of Hawaii Department of Natural Resources, Division of Water and 
Land Development (DOWALD). Revegetation of the portions of the pads located 
on the 1955 lava flow will accelerate the natural plant colonization of this 
generally unproductive land. 
Impacts on surrounding land uses will be minimal. There is adequate area 
available on site to use as a staging area for the construction, so it is 
unlikely that off-site construction yards or bases will be re uired. A 5-acre 
temporary pad on site is currently planned. 
The level of maintenance activity ~hould not warrant the establishment of 
a maintenance base in the area and will not, therefore, contribute to that 
type of increased industrial activity in the area. Instead, firms performing 
the maintenance would almost certainly operate out of existing facilities in 
Hilo. Unscheduled maintenance would occur in the event of equipment failure 
and would involve intense activity 24 hours a day by moderately large (4- to 
10-person) crews. These workers would be drawn from the skilled work force in 
Hilo, Oahu, and/or the mainland depending upon the nature of the problem. No 
new off-site industrial base would be supported by this type of intermittent 
activity. Scheduled maintenance would be carried out on the power plants at 
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1- to 2-year intervals. During these planned outages, major maintenance 
activities (e.g., turbine disassembly/inspection and condenser tube inspection 
and repair) will be conducted. This would require relatively large teams of 
workers (10- to 20-person shifts) working round the clock for a period of 
approximately 4 weeks. Because of the intermittent and highly specialized 
nature of these activities, it is expected that nearly all of them would be 
performed by firms based outside Puna. 
Infrastructure Impacts 
No mitigation measures are needed • 
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Section 4 
GEOLOGY 
4.1 ENYIRONMENTAL SETTING 
This section describes the geology, soils, and seismic and volcanic risks 
of the project area, based on a review of published reports and maps (Moore, 
1986; Moore, 1982; and Slemmons, et al, 1981). 
Regional Geology 
Surface Geology. The PGV 25 MW project is located within the lower East Rift 
Zone of Kilauea Volcano, as shown in Figure 4-1. Kilauea is one of the 
world's most active volcanoes, and the East Rift Zone is one of its conduits 
for the lateral migration of basaltic magma from the holding chamber beneath 
the volcano's summit caldera. The rift zone is manifested at the surface as a 
linear belt, 1 to 2 miles wide, consisting of linear and open fissures, 
faults, small grabens, pit craters, cones, and vents related to numerous 
volcano-tectonic events. In the lower East Rift Zone, volcanic eru tions have 
occurred as recently as 1740, 1840, 1955, 1960, and 1961. The rift is a 
constructional ridge some 150 to 1,500 ft (50 to 500 m) above the adjoining 
t errain throughout its length , except in its lowermost portion where the ridge 
disappears into a low-lying area consisting of a series of grabens and spatter 
deposits (Moore, L983). This marked topographic change corresponds to a 
structural intersection of the east-northeast trending rift zone with a 
nocth-northwest trending transverse faul t. Initial geothermal development 
activities will focus on this region. 
Subsurface Geology. Underlying the surface expression of the East Rift Zone 
is a broad, 5- to 15-mile-wide (8 to 24 km) dike complex. This complex is 
thought to consist of an aggregate of closely spaced, parallel to subparailel , 
vertical to steeply dipping dikes whose top is generalLy 8,000 t (2 , 500 m) 
below the surface. These dikes intrude a sequence of layered Mauna Loa and 
Kilauea lava flows. The complex is r eported to be locally above 1,000°F 
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(540°C) and in places may even approach 1,900°F (1,000°C), the melting point 
of basalt (Furumoto 1978). Chemical studies of the ift lavas suggest the 
existence of local magma chambers within the rift. The Puna geothermal system 
overlies such an area. 
Local Geology and Soils. The project site is entirely underlain by basaltic 
aa and pahoehoe lava flows and associated ejecta of the Puna Volcanic Series, 
Historic and Preh~storic Membe~s. Major eruptive features include Pu'u 
Honua'ula and Pu'u Pilau. Minor spatter and cinder cones associated with the 
lava flow events are common throughout the area. 
Three eruptive events representative of the Prehistoric Member have 
occurred in the region of the project. The oldest include cinder and spatter 
cones of Kipu, which are estimated to have erupted 1,500 years before present 
(BP) or earlier. These features are located immediately to the southwest. 
Spatter cones and lava flows of the Pu'u Kii fissure are dated at 
approximately 750 to 1,000 years BP and are exposed northeast of the project 
site. To the south, the Pu'u Kii flows are overlain by flows from Pu'u 
Honua'ula, which erupted an estimated 500 to 700 years ago. 
The Histokic Member is represented by lows o£ the 1190 and 1955 
eruption. In the southern Puna District, the 1790 flows erupted from fissure 
zones along both the northern and southern boundaries of the rift. The most 
recent lavas at the site erupted in 1955 from a discontinuous "en echelon" 
fissure system that longitudinally transects the project area. Flows from 
this event covered the southern portion of the project site (Moore, 1981; 
Moore, 1986). 
Soils of he Keaukaha, Opihikao, and Malama series cover approximately 
75 percent of the project site. Bare lava flows cover the remainder. The 
Keaukaha Soil Series is present in the western section, southwest of Pu'u 
Honua'ula. The soil is generally thin and ranges up to 8 in. (20 em) deep and 
overlies pahoehoe lava bedrock. In representative profile, it is very dark 
brown and mucky with a moderate to fine subangular blocky structure. The soil 
is rapidly permeable and strongly acidic. Runoff is medium, and the erosion 
potential is slight. The Opihikao Soil Series, found in the western half of 
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the site, is the most predominant soil type. Thick organic soils, which are 
very permeable, constitute this series. In representative profile, the upper 
3 in. (7.5 em) is very dark brown, mucky, and friable with a medium to fine 
subangular blocky structure. The soil, which is strongly acidic with a slight 
erosion potential, overlies pahoehoe lava bedrock. The Malama Soil Series 
extends across the center of the site to the northeast of Pu'u Honua'ula. It 
consists of well-drained, extremely stony organic soils, ranging up to 1 ft 
(0.3 m) in thickness and underlain by aa lava flows. In representative 
profile, the upper 3 in. (7.5 em) is very dark brown, contains extremely stony 
muck, and is underlain by fragmental aa lava. Because the soil has a high 
permeability, runoff is minimal and the erosion potential is slight. TPC is 
preparing a detailed map of the surface geology of the project site. 
Geologic Hazards 
Volcanic azards on the island of Hawaii are greatest ear Mauna Loa and 
Kilauea, and the risk is highest along the rift zones of these volcanoes. The 
volcanic hazards that can affect persons and property are categorized as 
either direct or indirect. Direct hazards are lava flows, falling rock 
fragments, drifting volcanic gases, and particle-and-gas clouds. I ndirect 
hazards include ground movements such as subsidence, surface ruptures , 
earthquakes, and tsunamis. The zones of overall relative risk from volcanic 
hazards are presented in Figure 4-2. The project site lies within Kilauea's 
East Rift Zone and is characterized as an area that may be subject to high 
risk due to volcanic hazards (USGS, 1974). 
The East Rift Zone has two types of potential geologic hazards: volcanic 
and seismic. The risk that these potential hazards pose to engineered 
structures and installations can be markedly mitigated by appropriate 
procedures in facility siting and design. 
Potential volcanic hazards consist of lava flows and ash alls, splatter 
falls, and their associated surface disruptions. The risks associated with 
these hazards will be greatly reduced by locating the plant site and wellpads 
on high ground, avoiding low areas where lava is likely to be channeled. 
Wellpads in low areas, if threatened by lava flows, can be protected with 
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quickly constructed berms of volcanic cinders. Such diversion barriers should 
deflect flowing lava from the wellhead. Glnders can also be placed within the 
well cellars to prevent lava from encasing the wellhead. 
Potential seismic hazards are ground motion from earthquakes, ground 
cracking or ruptures, and subsidence. The strength and duration of motion 
from the postulated strongest earthquake that will most likely affect the 
project site is within the range that can be readily mitigated by appropriate 
design. Buildings and other permanent structures will be oriented with their 
longest dimensions parallel to the axis of the rift. Ground cracking and 
ruptures will most likely be associated with volcanic activity. The 
mitigation procedures outlined above will also minimize the effect of these 
types of ground failure. Subsidence, deemed unlikely, should be a very slow 
process. Consequently, it is not considered a significant concern. 
4.2 ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION 
The primary geological impacts on the project site consist of two types. 
Construction impacts are impacts on the topography, surface geology, and soils 
associated with earthwork and excavation activities during the clearing and 
construction phase. Operation impacts are ground changes related to wellfield 
production and injection activity. 
Construction Impacts 
Some grading, grubbing, and stockpiling of soil, cinders, and rock will be 
required at the project site to support the planned activities. Such 
alterations will result in changes in surface drainage. However, the impact 
will be minimal because the ground alteration planned is limited and ground 
percolation rates are high. 
Removal and disruption of soils during clearing and construction could 
result in changes to the soil structure, density, and moisture content. These 
changes could potentially increase erosion and alter groundwater percolation 
rates and vegetative support. However, these effects are considered 
negligible at the project site because the soils generally have rapid 
percolation rates and low susceptibility to erosion. 
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Operation Impacts 
Evidence collected from geothermal developments worldwide shows some 
relationship between geothermal fluid production and injection, with increased 
seismicity and subsidencain certain p~oducing regions. 
Increased seismicity, en it does occur coincident with geothermal 
development, i s of magnitudes less than 4.0 on the Richter scale. Such levels 
of seismicity are minor events compared to the November 1975 earthquake, of 
magnitude 7.2, the largest in recorded history of the southern Puna District 
(no damage was reported in the Pahoa and Kapoho areas). Seismic events, which 
are caused by changes in the hydrologic and tectonic balance in and around the 
geothermal reservoir, are not of a sufficient magnitude to cause significant 
surface damage. Thus, seismic effects are not considered an environmental 
concern for this project. 
The dense, basalt~c lava flows and dikes that make u the rock of the 
geothermal reservoir are self-supporting; the top of the reservoir is at a 
4,000-foot depth. These factors make subsidence due to geothermal production 
very unlikely. 
4.3 PROPOSED MITIGATION MEASURES 
Grading activities during construction will cause minor surface changes 
within the project site. To maintain natural topography, these activities 
will be kept to a minimum. Construction vehicles will be limited to those 
areas under development to minimize soil disturbance. When possible, on-site 
materials will be used for fill to reduce the need for imported construction 
materials. Excess earth unsuitable for use in construction will be stockpiled 
and stabilized according to building regulations to avoid any increased 
erosion potential. The planned surface changes will result in insignificant 
impacts. 
Fluid pipelines have the greatest ulnerability to dis~uption from 
geologic hazards. In such cases, judicious and timely on-sit leld 
evaluations are required to minimize wellfield aisruptions and environmental 
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impacts. Under these extreme conditions, automatic shutoff of the wells and 
power plant will take place. Wellfield damage will be repaired in the 
shortest period of time possible. To further reduce risks and ensure timely 
warnings of impending geologic hazards, close coordination is planned between 
the Hawaiian Volcano Observatory, the Hawaiian Institute of Geophysics, and 
TPC. 
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Section 5 
HYm.OIDG'i 
5.1 HYDROGBJLOGIC SETTlliG 
Geothermal Resources 
The Puna geothermal resource is a very high-temperature, two-phase, liquid 
dominated type of reservoir located in Kilauea's lower East Rift Zone. Such 
reservoir types are not common but do occur in young volcanic areas. The 
Tonganon Field in the Philippines and Los Azufres in Mexico are two examples . 
Within tQe Puna field, geothermal fluids associated with a majoD 
no t -northwest trending transverse fault beneath the site are thought to 
migrate along vertical fractur.J s wi thi tQe rift zone. 
The reservoir is believed to be maintained by a very high heat flow within 
the rift and by an effective seal that inhibits significant venting. It is 
confined to the rift exce t where faults allow extension into non-rift areas. 
Where the seal is locally broken, leakage of geothermal fluids occurs. This 
is indicated by the presence of geothermal waters both within the rift zone 
and south of the rift zone. WithiR the rift zone and immediately downgradient 
of the Puna field, there is no fresh groundwater. 
The wellfieLd develoJlllen t plan includes disposing of brine.. through 
inje_cti nto th geothermal reservoir, and noncondensable gas and steam 
condensate within a nonpotable aquifer in the interval above the sea • 
Injection of geothermal fluids is performed routinely in the United States and 
other countries. For the last 50 or 60 years, oil field brines have been 
injected into subsurface formations, and today petroleum by-products are 
disposen of al~ost exclusively by injection. Injection is also used to 
dispose of industrial, domestic, and municipal materials. Injection wells are 
wiciely used as a secondary recovery technique in the petroleum industry. 
About 90,000 secondary injection wells and 30,000 disposal wells are believed 
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to exist in the United States (National Water Well Association, 1978). Much 
of this nongeothermal injection technology can be applied to the geothermal 
industry including well design, monitoring methods, and reservoir models. 
Injection is by far the preferred method of disposing of geothermal liquid 
and gases. Other methods of geothermal fluid disposal have been conceived, 
and some have been tried. In most cases, the quantity and chemical 
composition of the fluids make alternatives environmentally unacceptable in 
the United States. Therefore, injection is the best method of geothermal 
liquid and gas disposal. 
However, the effect of geothermal injection on the surface and groundwater 
must be understood to conduct a safe and effective injection operation. The 
following paragraphs describe regional surface water and groundwater 
hydrology; regional water quality; the potential effects of injection on the 
site surface and groundwater hydrology; and site water quality. 
Regional Surface and Groundwater Hydrology 
Perennial s treams and rivers are not common on the island of Hawaii. The 
unweathered and highly permeable lavas and well-drained soils allow much of 
the rainf~ll to percolate to the water table. The surface runoff that does 
occur on the island fluctuates considerably with variations in rainfall. The 
largest streams are located on the northeast (windward) side of the island in 
areas of high rainfall. Streams in areas of moderate rainfall are perennial 
in their upper reaches, with flows reaching the coast only during periods of 
substantial rainfall. 
There are no perennial streams in the Puna District; the largest 
intermittent stream in the district is located about 15 mi (24 km) north of 
the proposed project site, parallel to and just south of the Hawaii Belt Road. 
Based on occurrence, P.otable groundwater on the island of Hawaii falls 
into three general categories: 
1. Basal (fresh) water floating on salt water (G ben-Herzberg 
lens) 
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2. Water confined by dikes 
3. Water perched on relatively impervious soil or roc 
formations 
The Puna District, except for the area within the East Rift Zone, is 
underlain by predominantly basal water, as shown in Figure 5-lB. Within the 
East Rift Zone, the groundwater is impounded by a dike system that 
characterizes this rift feature, as shown in Figure 5-lA. Groundwater 
i mpounded by the dike system is at higher levels than the basal water outside 
the East Rift Zone. The dike-confined water within the East Rift Zone 
discharges to the basal suppl through fractures that act as subsurface 
leaks. In areas where these leaks intersect the ground surface, the confined 
basal water discharges as springs. 
Regional Water Quality 
Hawaii's groundwater quality is largely influenced by the surrounding 
sea. Unless the highly permeable water-bearing lava flows are capped by 
• l ow-permeability rock or are cut by low-permeability dikes, the ocean may 
freely penetrate wherever an aquifer is exposed below sea level and fluid 
pressure gradients permit. The density difference between fresh and salt 
water allows migrating fresh groundwater to float on salt water. However, 
tidal fluctuations and other head variations tend to create a zone of mixing, 
which results in a transition zone between fresh and saline water. Because of 
these conditions, the TDS concentration of the groundwater varies 
significantly with location and depth. 
• 
On Hawaii, inland water wells tap only the uppermost layer of the basal 
fresh water. The water from these wells has less than 150 mg/1 TDS 
concentration. Nea~ the coast where wells reach the zone of seawater mixing, 
the groundwater is brackish to saline with TDS concentrations ranging from 
lJOOO to 10,300 mg/1. 
Site Surface and Groundwater Hydrology 
There are no surface water drainage courses either on the project site or 
anywhere in the lower Puna District. Rainfall percolates rapidly into the 
AR:6818d 5-3 
MAUNA KEA 
EAST RIFT ZONE 
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Stearns, 1966) . 
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well-drained soils and highly permeable lava flows. The recharge rate of the 
groundwater is high. About ~ ~ n. (290 em) of pre~pitatio fall annually at 
2 the site, resulting in a recharge of about 6,080 acr -ft/yr/mi • Loss due 
to evapo-transpiration is estimated to be about 30 in. (75 em), leaving about 
4,440 acre-ft/yr/mi 2 to infiltrate to groundwater (Weiss Associates, 1983). 
Based on the water's temperature and chemical characteristics, groundwater 
quality in the southeastern portion of the island of Hawaii has been 
classified by TPC (Iovenitti, 1986) into three basic types: fresh, 
geothermal, and mixed. This is shown in Figure 5-2. Fresh groundwater occurs 
north of the lower East Rift Zone and south of the rift in an area southwest 
of the ~roject site. Geothermal groundwater is found {1) 2roximai to a major 
north-northwest transverse fault disrupting the East Rift Zone, and (2) in the 
region sout nd southeast of the structural break, flowing towards the sea 
and discharging as a series of hot springs and seeps along a portion of the 
island's southeastern coast. Mixed groundwater is located within the rift 
zone near Kapoho crater. This water type lies hydrologically downgradient 
f rom the region of upwelling geothermal fluids. The depth to groundwater at 
the project site is over 600 ft (180 m) below ground surface . 
Site Water Quality 
A study by TPC (Iovenitti, 1986) has found that the groundwater in the 
project site area is of the geothermal type. This results from the upwelling 
of fluids from the underlying geothermal reservoir. The waters are 
characterized by temperatures exceeding 100°F (38°C), TDS greata 
2,000 ppm, and chloride to magnesium ratios greater than 15. There is no 
groundwater within the lower East Rift Zone that can be defined as fresh water. 
5.2 ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION 
Construction Impacts 
The following describes construction impacts on hydrology and water 
quality • 
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Hydrology. Although there are no surface water drainages at the site, 
clearing and construction activities may create minor surface water drainage. 
These are not expected to affect the occurrence of groundwater. 
Water Quality. During routine clearing and construction, minor spills of oil, 
gasoline, and other materials may occur. Procedures will be im lemented to 
minimize such accidental s ills, and itigation measures will be established. 
Under normal drilling operations, drilling fluids (a nontoxic mixture of 
clays of low mobility) will be discharged to unlined sum~s and will ercolate 
into the groundwater. Also, some loss of drilling fluid in the subsurface is 
expected. Since the groundwater at the site is of poor quality and not 
potable due to interaction with geothermal fluids, mixing of nontoxic drilling 
fluids with the groundwater will not impair groundwater quality. 
During drilling into the deep geothermal reservoir (below 4,000 feet), the 
geothermal fluids encountered could migrate from the wellbore into the more 
shallow (less than 2,50 feet) geothermal groundwater that is not as saline 
and is cooler. This is unlikely, however, because the boring will be sealed 
with casing and grouted before drilling into the geothermal reservoir. Casing 
design requirements, casing materials, and cementing operations and procedures 
are established for geothermal wells and will be used on this project 
(Nicholson, 1984 a, b, c). Stringent drilling regulations will be enforced . 
However, should the deeper geothermal fluids reach the shallower water, the 
resulting impact would be minimal because it is a geothermal-type groundwater 
and is nonpotable. 
During well testing, geothermal brines are planned to be discharged to a 
r ock muffler at the test site. The rock mufflers will drain to unlined sumps, 
and the brine will percolate into the near-surface, nonpotable groundwater. 
The small volume of geothermal brine relative to the very large volume of 
existing nonpotable groundwater will result in minimal impact • 
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Operation Impacts 
The following describes operation impacts on hydrology and water quality. 
Hydrology. The power plant, production well, and injection well operation 
will not impact surface or groundwater hydrology. 
Water Quality. The power plant and production well operations will have 
minimal impact on site groundwater. Operation of the geothermal wellfield 
will include the injection of fluids consisting of brine, condensed steam, 
cooling tower blowdown, and noncondensable gases. The constituents of the 
fluids are summarized in Section 2, Tables 2-1 and 2-2. Most liquids will be 
injected back into the geothermal reservoir at or below the 4,000-foot level 
and are not expected to have an impact on groundwater. The small volume of 
cooler water being injected is expected to be reheated quickly by the large 
geothermal reservoir. Noncondensable gas and entrained liguid injection is 
planned for the 1,500- to 2,000-foot depth interval beneat the site, which is 
above the reservoir seal. At this level, the groundwater has a moderate 
temperature (150-250°F) and is also nonpotable due to the upward leakage of 
the deeper geothermal fluids. The volume of noncondensable gas is expected to 
be easily soluble in this zone, which also contains some H2s naturally 
leaking from the reservoir. Alternatively, the gases may be injected into the 
deeper geothermal reservoir, which is also not expected to impact the 
groundwater quality. 
The wells will be cased and cemented. The same stringent regulations 
regarding geothermal well drilling will apply to injection well construction 
and operation. Any permanent brine holding ponds will be lined. 
Faulting or subsurface lava movement could 'cause a rupture in the 
subsurface wellbore. However, due to the vertical nature of the faults in the 
project area, rupture of a wellbore is unlikely. If a casing rupture does 
occur, a temporary uncontrolled dischar~ of geothermal fluid will take place, 
and the fluid would mix with the groundwater. In this case, the discharge 
will continue until remedial measures are taken to secure or control the 
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~ leakage at the rupture point. No long-term adverse impacts from such an 
incident have been identified because the groundwater is nonpotable. 
~ 
• 
5.3 PROPOSFD MITIGATION MEASURES 
Construction Impacts 
Hydrology. Clearing and construction activities will be limited and are not 
expected to affect the groundwater hydrology. 
Water Quality. There are no identified impacts on groundwater quality during 
drilling since the groundwater is nonpotable. Nevertheless, the geothermal 
wells will b drilled according to stringent federal and state regulations 
designed to prevent discharge of reservoir fluid. During drilling operations, 
the wells will be cased and grouted at multiple depths to prevent reservoir 
f luid from escaping into the groundwater. Geothermal fluids tapped at lower 
depths will be prevented from migrating upward in the boring by carefully 
controlling the weight of the drilling fluid. 
Precautions will be taken during storage and handling of petroleum and 
chemicals to avoid accidental spills (see Section 9). If an accidental spill 
occurs, it will be contained and cleaned up immediately. 
Operation Impacts 
The following describes mitigation of operation impacts on hydrology and 
water quality. 
Hydrology. There are no anticipated adverse impacts on hydrology. 
Water Quality. During operation of the geothermal wells, accepted procedures 
will be followed by all maintenance, operating, testing, and management 
personnel. Strict adherence to geothermal development regulations, State of 
Hawaii Department of Health regulations, and permit conditions for design and 
operation of production and injection wells will be maintained • 
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Geothermal brines and noncondensable gases will be injected back into the 
geothermal groundwater at depths with similar water quality characteristics . 
Thus, injection at the site is not expected to impact groundwater quality. In 
addition, strict underground injection control regulations and guidelines will 
be followed. 
Hydrologic monitoring will be conducted in the injection area before, 
during, and after operation of the facility in accordance with federal and 
state department of health standards and permit requirements. A monitoring 
system will be implemented to detect any changes in the shallow and 
intermediate subsurface zones. Initially, baseline conditions (those that 
exist prior to injection) will be established to determine hydrologic changes 
that may occur during injection. These conditions include: 
o Chemical characteristics of the groundwater 
o Geology and hydrology of the area 
o Mechanics and characteristics of the geothermal system 
Chemical changes in the groundwater will occur in a s~atial and temporal 
matrix. The necessary chemical, spatial, and temporal sensitivity of 
detection in the matrix will be specified based on the environmental 
sensitivity to particular constituents; natural variations in water 
characteristics; hydrologic factors; and water use and well distribution 
density in the area. 
Analysis of these parameters will aid in determining sampling freguency, 
distribution and density of sample points, significant chemical and physical 
parameters, and sampling and analysis methods to be utilized. 
Implementing the monitoring plan will involve data collection at specified 
frequency and locations, and synthesis, interpretation, and display of the 
data. Past data will be reviewed and correlated with new data. As the plan 
is carried out, the actual monitoring needs of the area will become clearer, 
and the plan can be modified as appropriate for enhanced monitoring. 
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Power Plant and Well Decommissioning Impacts 
The following describes mitigation of power plant and well decommissioning 
impacts on hydrology and water quality. 
Hydrology. No impacts on site hydrology from power plant and well 
decommissioning are expected. Therefore, no mitigation measures will be 
necessary. 
Water Quality. No impacts are expected on site water quality from power plant 
and well decommissioning. Therefore, no mitigation measures will be 
necessary. Furthermore, the geothermal wells will be abandoned and plugged in 
accordance with regulatory requirements. Project water quality monitoring 
will be continued for 2 years after decommissioning (two rain seasons 
maximum), and the records will be placed in the public domain • 
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Section 6 
AIR QUALITY 
This section describes the regional climate, site meteorology, and 
baseline air quality of the PGV project. Air emissions have been reduced from 
t he usual significant environmental impact to a level of insignificance, due 
to the total injection process proposed for this pcojecL. The total injection 
process takes the noncondensable gases associated with the project and injects 
them into the ground. Thus, air emission impacts are imited to inci ents of 
t emporary well testing and steam stacking, or the unlikely event of a well 
blowout or ruEture disk event. 
6.1 ENVIRONMENTAL SETTING 
Regional Climate 
The Hawaiian Islands lie within the trade winds belt. The trade winds 
(trades) are an outflow of air from the central North Pacific high pressure 
region located generally to the north and east of the Hawaiian Island chain. 
On the island of Hawaii, the trades flow is generally from the northeast. The 
Pacific High moves north and south with the sun, so that in summer, it is at 
its northernmost position and brings the heart of the trades directly across 
the island. However, the local ruggedness of the terrain results in markedly 
different wind flow patterns and local climates on the island. 
In summer (May through September), the trades are prevalent 80 to 
95 percent of the time. From October through April, the trades are more 
northerly, and their frequency is generally 50 to 80 percent of the time in 
average monthly values (Ruffner and Bair, 1978). The trades exert a dominant 
influence on the general climate of the islands. Clear skies are rare, as 
clouds frequently form on the upslope sides of the mountains. For example, at 
Hilo, the sky is clear from sunrise to sunset an average of 31 days per year, 
partly cloudy 125 days per year, and cloudy 209 days per year. Showers are 
frequent, varying from sudden sprinkles to heavy downpours; however, thunder 
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and lightning occur rarely. Because the trades are generally constant 
movements of mild marine air, the range of diurnal temperature change is 
narrow. Because of the latitude (about 21 degrees north), the days are 
approximately the same length throughout the year. 
In Hawaii, major storms occur most frequently between October and March, 
bringing heavy rains that are sometimes accompanied by high winds. The storms 
may be generated by the passage of cold fronts moving to the east or 
southeast, or by low pressure regions of warm, moist air that produce 
tremendous clouds and torrential rains. 
In addition to these large-scale air flows, other smaller, local air 
movements occur, which range in scale from a few to many square kilometers, 
depending on the areal extent of the affected land. These movements are most 
commonly found on lands to the south and west of the mountains, in their 
aerodynamic shadow. The topography is important in determining these local 
wind occurrences. Some of these air flows occur diurnally and are either 
upslope/downslope (valley) flows or onshore/offshore (sea breeze) flows. Both 
flows are driven by radiative thermal gradients. 
The site of the PGV project is about 21 mi (34 km) from Hilo, Hawaii. 
Long-term climatic data are available from the National Weather Service (NWS) 
station at General Lyman Field (Hilo Airport). The NWS data are fairly 
representative of the PGV site. Table 6-1 shows the climatic normals, means, 
and extremes for the Hilo Airport NWS data. 
Temperature. The difference between the normal monthly mean temperature of 
75.9°F (24.4°C) for the warmest month, August, and 71.0°F (21.7°C) for the 
coolest month, February, illustrates the steadiness of the climate. The 
difference is a remarkably small annual mean variation of 4.9°F (2.7°C). The 
record high temperature of 94°F (34.4°C) was recorded in May 1966, and the 
record low temperature of 53°F (ll.7°C) was recorded in February 1962. 
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Table 6-1 
CLIMATE NORMALS, MEANS, AND EXTREMES 
(Source: Ruffner and Bair, 1978) 
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Means and extremes abo~~ are from ex1sting and comparable exposure~. Annual extremes have been exceeded MC ocner sites in the locality as follows: 
Lowest temperature 51 in Kay 1910; maximum monthly precipitation 66.96 tb Karch 1922; minimum monthly precipitation 0.14 in January 1953; maximum 
precipitation in 24 hours 19.20 in Karch 1922; highast vind (fastast observed l~ute spead) for period 1954-1966 was 46 from 70° in Febru.ry 1963. 
Precipitation. Precipitation is a function of elevation above mean sea level 
(MSL). For example, for the 1931 to 1960 base period, the normal annual 
rainfall at Hilo Airport, which is 27 ft (8.2 m) above MSL, was 136.6 in. 
(3,470 mm), while the mean annual rainfall can exceed 200 in. (5,080 mm) in 
the mountains. At Pahoa, 5 mi (8 km) from the PGV site at an elevation of 
670 ft (204 m) above MSL, the normal annual rainfall was 143.8 in. 
(3,653 mm). Therefore, the rainfall values at the PGV site could be slightly 
larger than those reported at Hilo Airport. 
For the same base period at Hilo Airport, nearly 70 percent of the rain 
occurred during the cooler months (October through April), the so-called 
Hoo-Ilo season, when the sun is in the south, temperatures are slightly 
cooler, and the trades are less steady and more frequently interrupted by 
stormy periods. The maximum monthly rainfall was 50.22 in. (1,276 mm) in 
December 1954. The minimum monthly rainfall was 0.36 in. (9.1 mm) in January 
1953. The maximum 24-hour rainfall was 15.6 in. (396 mm) in November 1959. 
No occurrences of snow or sleet have been recorded at lower elevations. 
Winds. Winds at Hilo average 7.2 mph (3.2 m/s), with a mean maximum month 
(February) average of 8.0 mph (3.6 m/s) and a mean minimum months (September 
through November) average of 6.8 mph (3.0 m/s). The annual resultant 
direction of the winds is west/southwest. Monthly directions are from either 
the west/southwest or southwest. Therefore, the wind direction at Hilo is 
about 180 degrees counter to the expected trades flow. This is attributed to 
the special situation at Mauna Loa where the onshore flow is lifted to provide 
an upslope wind by day while a drainage flow with a counter downslope wind 
develops at night and in the early morning hours. This latter flow 
predominates (Ramage, 1978). Clearly, local terrain features tend to define 
the wind flows and their influence predominates over the synoptic flow of the 
trade winds. The wind flows specific to the project site are discussed in the 
next subsection. 
The ability of air in the surface layers (up to a few thousand vertical 
meters) to disperse contaminants varies diurnally and seasonally. One measure 
of this dispersal capability is the mean maximum mixing depth (MMD). MHDs can 
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be estimated with the method of Holzworth (1964) using the daily radiosonde 
observations and normal maximum surface temperatures. Daily morning and 
afternoon mixing heights reported at Hilo (Dames & Moore, 1984) indicate that 
afternoon mixing heights are higher (average 5,420 ft [1,652 m]) than mornings 
(average 4,144 ft [1,263 m]) except for February, and that summer heights are 
higher than those in winter. A higher mixing height allows greater dispersion 
of air pollutants and, consequently, favors better air quality. Therefore, 
lower pollutant concentrations would be expected in summer than in winter, and 
during daytime than at night . 
Site Meteorology 
TPC has conducted meteoro~ogy and air quality monitoring studies in the 
Puna region since 1981. Observations made at the Woods Site include wind 
speed and direction, standard deviation of wind direction fluctuation (sigma 
theta), temperature, relative humidity, precipitation, and insolation. The 
Woods Station is located about 1.1 mi (1.7 km) north of HGP-A, as shown in 
Figure 6- 1 . Annual wind roses for the period of May 1981 to May 1982 are 
presented in Figure 6- 2, 6-3 and 6- 4 for all hours, daytime and nighttime 
hours, respectively (W. Burkhard, private conununication, 1986). It appears 
from these wind roses that the wind flow is from the north to northeast during 
the daytime and from the west during the nighttime. The nighttime westerly 
winds derive from downslope flows. The north- to- northeast daytime winds 
derive from the trades. The average annual wind speed for all hours is 7.4 
mph (3 . 3 m/s) with daytime and nighttime annual average wind speeds of 8.5 mph 
(3 . 8 m/s) and 6.3 mph (2.8 m/s), respectively. The Woods Site meteorological 
data, which represent the most complete information for the site, were also 
sunm1arized for 1 year, October 1982 to September 1983 (Dames & Moore, 1984). 
This 1982- 1983 data set was used for the air quality impact calculations. 
An annual wind rose sunm1ary of these data is shown in Figure 6-5. As 
expected, this wind rose is very similar to that for the period of May 1981 to 
May 1982, shown in Figure 6-2 . The average annual wind speed is 6.5 mph 
(2 . 9 m/s), which is similar to the value reported for the period of May 1981 
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Figure 6-2 ANNUAL WIND ROSE FOR THE WOODS SITE (SITE 36) 
MAY 1981 TO MAY 1986 
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MAY 1981 TO MAY 1982 
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Figure 6-4 ANNUAL NIGHTTIME WIND ROSE FOR THE WOODS SITE (SITE 36) 
MAY 1981 TO MAY 1982 
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Figure 6-5 ANNUAL WIND ROSE FORTH E WOODS SITE (SITE 36) 
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~ to May 1982 . The strongest winds, 8.3 mph (3.7 m/s), blow from the 
southwest. Daily mid-afternoon winds are strongest, 9 mph (4 m/s), and 
evening hours winds are the lightest, 4.5 mph (2 m/s). 
~ 
~ 
Measurements of wind direction variation yield estimates of the 
atmosphere's dilution capability or stability . Stability, which is a measure 
of turbulence, is used to estimate diffusion of releases into the air. 
Stability varies from category A (very unstable), B (unstable), and C 
(slightly unstable), to D (neutral), E (slightly stable), and F (stable). 
Atmospheric mixing and dispersion are greatest during unstable conditions, 
which occur only during daylight hours . Table 6-2 shows the typical annual 
frequency of each stability category at the site. 
Table 6-2 
FREQUENCY OF ATMOSPHERIC STABILITY CATEGORIES AT THE WOODS SITE 
Category Percent of Time 
A (very unstable) 2.5 
B plus C (unstable to slightly unstable) 25 
D (neutral) 50 
E (slightly stable) 20 
F (stable) 2.5 
Baseline Ambient Air Quality 
NEA, Inc. reported ambient H2s for the Hawaii Department of Planning and 
Economic Development (Dames & Moore, 1984). Monitoring stations, shown in 
Figure 6-1, include: 
o Schroeder Site, located about 1.2 mi (2 km) south southwest of 
the HGP-A site . H2s data collection began in March 1981. 
o Hess Site, located about 1 . 2 mi (2 km) southwest of the HGP-A 
well site . H2s data collection began in July 1982. 
o Gilman Site, located about 0.6 mi (1 km) west of the HGP-A 
well site . Monitoring began in July 1982. 
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0 Woods Site, located about 1.1 mi (1.7 km) north of the HGP-A 
well site. Monitoring began in 1981, and comprehensive data 
collection began in April 1982. 
Data collected and reported through 1983 for the first three sites and 
through August 1986 for the Woods Site are shown in Table 6-3. These data 
. (a) 3 indicate that H2s amb1ent levels are below 0.010 ppmv (14 ~g/m ) 3 
about 98 percent of the time. H2s levels exceeded 0.020 ppmv (28 ~g/m ) 
less than 1 percent of the time. The maximum H2s l evel reported was 3 0.048 ppmv (67 ~g/m ) at the Schroeder Site. This site is located 
downwind of the HGP-A well site. These H2s ambient levels can be compared 
with the standard of 0 . 1 ppmv (140 ~g/m3 ) proposed by the State of Hawaii 
Air Advisory Committee. 
Particulate matter (PM) has also been monitored using hi-vol samplers at 
two locations in Puna. The first location is the Bishop Estates Leasehold, 
about 2.5 mi (4 km) southwest of the HGP-A well; the second is the visitor 
center of Hawaii Volcanoes National Park (a mandatory PSD Class I area), about 
12.5 mi (20 km) northwest of the well site. Data from the Bishop Estates 
Leasehold showed that between December 1982 and March 1983, the 14 biweekly 
3 
samples at each site averaged a 24-hour PM level of 20 ~g/m at the 
3 leasehold. The highest value at the visitor center was 39 ~g/m These 
PM values can be compared to the National Ambient Air Quality Standards 
3 . (b) 3 (NAAQS): 260 ~g/m (pr1mary standard) and 150 ~g/m (secondary 
(c) 
standard) . 
(a) ppm refers to parts per million by weight; ppmv refers to parts per 
million by volume. 
(b) Primary standards are the levels of air quality necessary, with an 
adequate margin of safety, to protect the public health. 
(c) Secondary standards are levels of air quality necessary to protect 
the public from any known or anticipated adverse effects from a 
contaminant. 
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Table 6-3 
ONE-HOUR AVERAGE HYDROGEN SULFIDE CONCENTRATIONS 
IN THE HGP-A WELL AREA (1981-1983) 
H2S 
Concentration Number of Observations 
Site Rang,e ~EEmV} 1981 1982 1983 
Schroeder<a) 
0-0.01 4,464 6,476 NA(b) 
0.011-0.02 233 225 0 
0.021-0.03 25 12 0 
0.031-0.04 2 5 0 
0.041+ __ 2 __ 2 __ o
Total number of 4, 726 6,720 NA 
observations 
Maximum H2s 0.045 0.048 
0.007 
concentration (ppmv) 
Average H2s 0.0042 0.0044 
0.0014 
concentration (ppmv) 
Gilman (c) 
• 
0-0.01 (d) 3,924 NA 
0.011-0.02 4 0 
0.021+ ___ o __ o
Total number of 3,928 NA 
observations 
Maximum H2S 0.016 0.008 
concentration (ppmv) 
Average H2S 0.0030 
0.0012 
concentration (ppmv) 
Hess<c) 
0-0.01 3,635 NA 
0.011-0.02 90 0 
0.021+ __ o __ o
Total number of 3,725 NA 
observations 
Maximum H2S 0.014 
0.004 
concentration (ppmv) 
Average H2S 0.0035 
0.001 
concentration (ppmv) 
• 
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Site 
Woods(e) 
Total number of 
observations 
Maximum H2s 
concentration 
(ppmv) 
Average H2s 
concentration 
(ppmv) 
Table 6-3 (Cont'd) 
H2S 
Concentration Number of Observations 
Range (ppmv) 1981 1982 1983 1984 
0-0.01 NA 5,633 3,512 NA 
0.011-0.02 NA 0 0 NA 
0.021+ __ o __ o __ o __ o
NA 5,633 3,512 NA 
0.013 0.007 0.004 0.013 
0.0026 0.0019 0.001 0.0016 
1985 
NA 
0 
__ o
NA 
0.009 
0.0018 
(a) Data from May 1981 through September 1983 (missing June 1982 data). 
(b) Data not available. 
(c) Data from July 1982 through September 1983. 
(d) Station not operating during this time. 
(e) TPC has been monitoring H2s at the Woods Site continuously since 1981 . 
Comprehensive data were obtained from April 1982 through August 
1986(missing April 1983 data). 
(f) Through August 1986 only. 
NA = Data not available 
Sources: Dames & Moore, 1984; W. Burkhard, private communication, 1986. 
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1986(f) 
NA 
NA 
__ o
NA 
0.015 
0 . 0024 
• 
• 
• 
• 
• 
6.2 ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION 
In this subsection, the impacts of the various phases of the proposed 
project are evaluated. The three phases that are considered include clearing 
and construction activities, operation of the geothermal power plant, and 
decommissioning of the facility. 
Dispersion Modeling 
Air quality impacts were assessed by dispersion modeling techniques. 
Dames & Moore (1984) used the EPA MPTER and the EPA COMPLEX I models. MPTER 
is used for multiple sources with relatively flat terrain and land elevations 
no higher than the shortest stack modeled. The model calculates highest 
ground-level concentrations (GLCs) at receptors for averaging times ranging 
from 1 to 24 hours and for the entire period of meteorological data. The 
COMPLEX I model, which is used for complex (hilly) terrain, is similar to the 
EPA Valley model, but is more sophisticated. It uses hourly meteorological 
data for a year as input and calculates the highest GLC for 1 to 24 hours. It 
also calculates an annual average GLC. 
For the Dames & Moore modeling, TPC meteorological data from the Woods 
monitoring station, summarized in Figure 6-5, were used. The data from 
February 1982 through January 1983 were 3-hour averages. From February 1983 
through September 1983, the data were reported as 1-hour averages for every 
hour of the day. To obtain 1 year of the best data, the 3-hour data of 
October 1982 through January 1983 were combined with the 1-hour data of 
February 1983 through September 1983 to give 1 year of data for October 1982 
through September 1983. For the 3-hour data, each hour was assumed to be 
representative of the 3 hours. Dames & Moore felt that this adjustment might 
introduce minor biases in the results, but that it was more important to 
consider an entire year of data. Both MPTER and COMPLEX I require 24 
observations per day to correctly model for short-term (1- to 24-hour) 
atmospheric diffusion. A mixing height of 900 ft (300 m) was adopted as a 
conservative limit, but this did not affect GLCs, since they occurred during 
stable conditions when mixing heights did not affect plume dispersion . 
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Bechtel National, Inc. used the EPA Valley model to evaluate maximum 
1-hour average impacts of the cooling tower plume pollutants on the 
surrounding complex terrain during operation of the facility. These impacts 
were calculated for H2s and TSP concentrations. These maximum values were 
calculated using worst case meteorological conditions. 
The results of the dispersion modeling calculations are presented in the 
following subsections. 
Impacts of Clearing and Construction Activities on Air Quality 
Clearing and construction activities include drilling and testing of the 
geothermal wells and site clearing and construction of the power plant and 
wellpads. 
Well Drilling and Testing. The atmospheric impact of wellfield construction 
will derive principally from the rotary drilling rig emissions. Only one rig 
will be on the site at a time. Drilling time for the six production wells and 
two injection wells is estimated to be 8 months for Phase I (four wells) and 
8 months for Phase II (four wells). The estimated emissions are listed in 
Table 6-4 . 
During well drilling, fluid is forced down through the center of the drill 
pipe and comes back up around the pipe carrying the cuttings produced by the 
drilling. The fluid can be either mud or air forced down by compressors. 
If air drilling is used, significanE H2s and TSP emissions may result. 
Table 6-5 lists the assumptions made to estimate an H2s emission rate of 
4.7 lb/hr (0.6 g/s) for air drilling. The proposed technique, however, is mud 
drilling, which would lead to negligible emissions of H2s and TSP. Air 
drilling would be used only in the plant operation phase of the project as a 
remedial technique. Therefore, air drilling would be used only 5 percent of 
t he total drilling time. The GLCs for H2S that are presented in Table 6-5 
for well drilling represent H2s concentrations resulting from air drilling. 
The concentrations that would result with the proposed mud drilling technique 
would be negligible. 
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Table 6- 4 
DRILLING RIG EMISSIONS DURING WELLFIELD CONSTRUCTION(a) 
Emission 
Grams/hour<b) Kilograms/day( c) Metric tons/year(d) 
co 188 4.50 1.37 
HC 71 1.71 0.52 
1,030 24.72 7.51 
so2 65 1.56 0.47 
TSP 63 1.50 0.46 
(a) Based on EPA document AP-42, Sppl. 14, Hay 1983, pp. 3.2.7-2,3. These 
values pertain to oil well drilling rather than geothermal well drilling. 
However, rigs are generally similar for oil and geothermal well drilling, 
and these emissions are good approximations of the emissions for the 
proposed project. 
(b) Based on one drilling rig. 
(c) Based on a 24-hour day. 
(d) Based on a 10-month (304-day) period for Phase I (five wells) . 
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Table 6-5 
WELL AIR DRILLING AND TESTING: ESTIMATED AIR POLLUTANT EMISSIONS 
AND MAXIMUM AMBIENT CONCENTRATIONS DUE TO WELL EMISSIONS 
Item 
Drilling(b) 
Testing (c) 
Proposed AAQs(d) 
Proposed allow-
able increment<e) 
--------------~H2:s ____________ _ 
Estimated 
Emissions 
Per Well 
lb/hr lli 
Incremental 
Ground-Level 
Concentrations 
ppmv (ug/m3) 
Highest 
1-hour 
Average 
Second 
Highest 
1-hour 
Average 
Emissions 
lb/hr lli 
4.7 0.60 0.017 (24) 0.006 (8) 34.4 4.3 
9.8 1.24 0.036 (50) 0.012 (17) 43.1 5.4 
0.10 (140) 
0.025 (35) 
Highest 
24-hr average 
Incremental 
Ground-Level 
Concentration 
(ug/m3) 
45 
55 
100 
(a) Total suspended particulate (TSP) impacts were modeled assuming gaseous 
dispersion. However, due to their droplet nature, significant dropout near 
the source will occur; hence, the emissions and ground-level concentrations 
shown represent an upper bound. The emission rates of particulate matter 
(Y) were estimated from the steam flow rate (X) according to the following 
equation: Y = 0.00029 X -0.42 where X and Y are in lb/hr (Dames & Moore, 
1984) 
(b) Impacts are evaluated on a per well basis assuming air drilling. The 
proposed technique is mud drilling which should lead to negligible H2S and 
TSP emissions. Air drilling would be used only in the plant operation phase 
of the project as a remedial technique (i.e., 5~ of the time). The H2S 
and TSP concentrations reported in this table for drilling are therefore 
overestimates. The assumptions for well air drilling were as follows: 
fluid flow per well of 150,000 lb/hr (19,000 g/s), maximum H2s content of 
1,300 ppm, drill pipe flow restriction of 20~, removal of 40~ of H2s by 
water injection, removal of an additional 95~ of H2s by chemical injection 
of water and NaOH. No control was assumed for TSP. 
(c) Impacts are evaluated on a per well basis. 
(d) Proposed H2S ambient air quality standard (AAQS) is 0.10 ppmv 
(140 ~g/m3) per Hawaiian Air Advisory Committee recommendation, Chapter 
59, January 18, 1983. AAQS for TSP is per Department of Health, Chapter 59, 
Par. 11-59-4- (e)-(2), November 29, 1982. 
• 
• 
(e) Proposed H2s increment allowable above background, equivalent to 
0.025 ppmv (35 ~g/m3), per Hawaiian Air Advisory Committee Chapter 60 • 
recommendation, 1983. 
Source: After Dames & Moore (1984) 
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H2s emissions from well testing were based on one well and 150,000 lb/hr 
(19,000 g/s) steam flow. Uncontrolled H2S emissions would be about 
195 lb/hr (25 g/s), and controlled H2s emissions, assuming 95 percent 
control (Geothermal Technical Services, 1986), would be 9.8 lb/hr (1.2 g/s) . 
TSP emissions from well testing were estimated based on a well capacity of 
150,000 lb/hr (19,000 g/s) of steam to be 43 lb/hr (5.4 g/s). 
Both the MPTER and COMPLEX I model were used, but it was found that in all 
cases the region of maximum GLCs occurred at higher elevations with the 
COMPLEX I model. 
The results of the H2s and TSP impacts calculated by the COMPLEX I model 
are presented in Table 6-5. The results of the modeling for well drilling 
3 
showed a maximum 1-hour H2s GLC of 0.017 ppmv (24 ~g/m ) and a maximum 
24-hour TSP GLC of 45 ~g/m3 . Well testing results showed a maximum 1-hour 
H2s GLC of 0.036 ppmv (50 ~g/m3 ) and a maximum 24-hour TSP GLC of 55 ~g/m3 
The H2S GLC for well testing is above the proposed state increment. However, note 
that this GLC value was obtained with worst-case assumptions and that the 
second-highest GLC is well below the proposed state increment. Moreover, well 
testing will be temporary which reduces the likelihood of occurrence of the 
highest H2S GLC. 
Since H2s background concentrations are less than 0.048 ppmv 
(67 ~g/rn3 ), the ambient H2s concentrations would be less than 0 . 065 ppm 
(91 pg/m3 ) for well air drilling and less than 0.084 ppm (117 pg/m3 ) 
for well testing (see Table 6-3). Therefore, the proposed Chapter 59 H2s 3 
ambient air quality standards (AAQS) of 0.10 ppmv (140 ~g/m ) will be 
3 
met . TSP maximum GLCs are below the state AAQS of 100 pg/m , since the 
. . • 3 h1ghest 24-hour average TSP 1ncrement 1s 55 pg/m for well testing and TSP 
background concentrations are about 20 to 40 pg/m 3 
Impacts of the Construction of the Power Plant and Associated Facilities 
Clearing and construction activities will impact air quality due to 
construction equipment emissions and the fugitive dust emissions from the 
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general ongoing surface activity. These activities and the associated air 
quality impacts will, however, be temporary. Table 6-6 presents equipment 
emissions from clearing and grubbing activities. The principal equipment 
items are listed, together with the estimated contaminant emissions. The 
schedule is based on an 8- hour day. The total time required for site 
development (including excavation and required backfill) is estimated to be 
5 months. 
Power plant construction will include foundations and structures, turbine-
generators, electrical switchgear, and other requirements. The construction 
time is estimated to be 12 months and can begin approximately 1 month after 
the start of site preparation. 
Fugitive dust emissions result from heavy construction activities, such as 
building and road construction, land clearing, blasting, ground excavation, 
and cut and fill operations. Fugitive dust emission levels vary depending on 
the specific work in progress and the prevailing weather. Based on work by 
Cowherd (1974) and EPA reports (AP-42, 1984, p. 11.2.4-1), a fugitive emission 
factor of 1.2 tons/acre of construction per month of activity was proposed. 
This emission factor relates to test data from a location with a semi-arid 
climate and a precipitation-evaporation (PE) index of 50. For the Puna area, 
with its higher rainfall, the PE index (based on Hilo Airport data) is 202. 
Applying the correction (f = 1/(202/50) 2 ) and allowing for 12 acres of 
disturbed area and 5 acres of temporary construction area, the corrected 
fugitive emissions for heavy construction amount to about 2,500 lb/month 
(1.135 metric tons/month). 
Estimates of gaseous engine exhaust emissions from construction equipment 
used during power plant construction are shown in Table 6-7. These emissions 
should not lead to any air quality impacts exceeding the standards. 
Cox (1981) reported mercury (Hg) concentrations in the soil ranging from 
0.015 to 1.25 ppm. Assuming an upper limit of 100 pg/m3 for fugitive dust 
concentrations (i.e., the state AAQS), the corresponding mercury concentration 
-4 3 
would be less than 1.25 x 10 pg/m This value is well below the 
3 
ambient level goal of 0.01 pg/m given by Cleland and Kingsbury (1977). 
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Table 6-6 
DIESEL EMISSIONS DURING CLEARING AND GRUBBING(a) 
Emission 
~grams/hour2 Total 
Kilograms/(c) 
Item Dozer Trucks(b) Loader Roller Grams/hour day 
co 335 1,830 251 84 2,500 20.00 
HC 106 594 85 25 810 6.48 
NOX 2,290 10,380 1,090 474 14,230 113.87 
so2 158 618 83 31 890 7.12 
TSP 75 348 78 23 520 4.19 
(a) Based on EPA document AP-42, Sppl. 14, May 1983, pp. 3.2 . 7-2,3. 
(b) Based on three trucks . 
(c) Based on an 8-hour day. 
(d) Based on a 5-month (110-day) period . 
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Metric tons/(d) 
year 
2.20 
0. 71 
12.53 
0.78 
0.46 
Table 6-7 
DIESEL EMISSIONS DURING POWER PLANT CONSTRUCTION (a) 
Emission 
~g.rams/hour2 Total 
Kilograms/(c) Metric tons/(d) 
Item Dozer Trucks(b) Loader Roller Grams/hour day year 
co 251 3,050 335 677 4,310 34.5 8.97 
HC 85 990 106 257 1,440 11.5 2.99 
NOx 1,090 17,300 2,290 3,708 24,390 195.1 50.73 
so2 83 1,030 158 233 1,500 12.0 3.13 
PM 78 580 75 228 960 7.7 2.00 
(a) Based on EPA document AP-42, Sppl. 14, May 1983, pp. 3.2.7-2,3. 
(b) Five trucks, including concrete transit mix trucks, and water truck. 
(c) Based on an 8-hour day. 
(d) Based on a 5-day week, 52 weeks/year, or 260 days/year. 
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The region is quite rainy, with at least 75 percent of the days at Hilo 
with over 0.01 inch (0.25 rnm) of rain, and the ground can still be damp and 
dust-free even on clear days . Therefore, the climatic conditions will favor 
the control of fugitive dust during construction activities. 
Impacts of the Power Plant Operation on Air Quality 
~ollutants will be emitted during the normal operation of the facility 
from the cooling tower during operation of the power plant and from the rock 
muffler during steam stacking (i.e., venting through the rock muffler). 
Pollutants will also be emitted in the unlikely event of a well blowout or an 
operator error resulting in abnormal steam pressure buildup in a pipeline and 
the subsequent release of steam through the rupture disk system. The air 
quality impacts of the pollutant emissions are analyzed below. 
Noncondensable gas emissions from the power plant during normal operations 
will originate from the cooling tower and will include co
2 
and H2s. No 
measurable quantities of boron, arsenic, mercury, or radon have been detected 
in recent source tests of the HGP-A well (Dames & Moore, 1984). TSP are also 
emitted. The analysis for the proposed project focused on the ambient 
concentrations of H
2
s and TSP since these two pollutants are the object of 
existing or proposed regulations. The analysis considered emissions of these 
pollutants from the cooling tower, as well as from the rock muffler during 
steam stacking and in the unlikely case of a well blowout or a rupture disk 
event. 
Dames & Moore (1984) reported results of modeling H2S emissions during 
steam stacking. Their modeling results were adjusted by applying the rule of 
proportionality between emissions and GLCs to reflect the latest information 
on steam flow and H
2
s content for the proposed project. 
Modeling of H
2
s and TSP emissions during normal operations was carried 
out by Bechtel National, Inc. for worst case conditions with the EPA Valley 
model. The impact of pollutant emissions resulting from a well blowout and a 
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rupture disk event was deduced from the modeling results of Dames & Moore 
(1984) by scaling emissions and GLCs. 
There is no federal AAQS for H2s. In 1983, the State of Hawaii Air 
Advisory Committee proposed a 1-hour maximum of 0.1 ppmv (140 pg/m3), 
which is based on health criteria. The committee has also proposed a 1-hour 
H2s incremental limitation of 0.025 ppmv (35 pg/m
3). State regulations 
governing H2s emissions have not been proposed nor have public hearings been 
scheduled to date. Table 6-8 shows that the results of the model calculations 
of H2s ground-level concentrations during normal operation of the plant and 
steam stacking will be ·n compliance with the proposed increment of 0.025 ppmv 
(35 pg/m3). Since the background H2s concentrations are less than 
0.048 ppmv (67 pg/m3) (see Section 6-1), the ambient H2S concentration 3 
would be less than 0.056 ppmv (78 pg/m ) for production, 0.066 ppmv 
(92 pg/m3) for stacking, 0.534 ppmv (747 pg/m3) for well blowout, and 
0.349 ppmv (488 pg/m3) for rupture disk event. Therefore, the proposed 
AAQS of 0.1 ppmv will be met for normal operation of the plant and steam 
stacking. The proposed increment and AAQS will be exceeded only in the 
unlikely case of a rupture disk event or a well blowout. The location of the 
maximum 1-hour ground level H2S concentration during production and steam 
stacking is about 0.6 mile (1 km) north of the plant. 
TSP emissions and 24-hour maximum GLCs are shown in Table 6-9. This table 
also shows the state of Hawaii's 24-hour TSP AAQS value of 100 pg/m3 , which 
is more restrictive than the comparable federal 24-hour AAQS secondary 
3 
standard value of 150 pg/m The table shows that, in all cases, the TPC 
plant meets the strict Hawaii AAQS for TSP since background TSP concentrations 
3 
are about 20 to 40 pg/m and the maximum ambient TSP concentration that 
3 
occurs for steam stacking would be less than 52 pg/m The location of 
the maximum 24-hour ground-level TSP concentration during production and steam 
stacking is about 0.8 mi (1.3 km) southwest of the plant (Dames & Moore, 1984). 
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Table 6-8 
H2S EMISSIONS AND MAXIMUM GROUND- LEVEL CONCENTRATIONS 
Incremental 1-Hour 
Maximum 1-Hour Proposed State 
Emissions GLC Incremental Limitations 
Item lb/hr ~ ppmv (ug/m3) ppmv (ug/m3) 
Production 8 . 0 1.008 0 . 008 (11. 2) 0.025 (35) 
Steam stacking<a) 7.3 0.92 0.018 (25) 0.025 (35) 
Well blowout (b) 195.0 24.6 0.486 (680) 0.025 (35) 
Rupture disk 
event(c) 121.0 15.2 0.301 (421) 0.025 (35) 
(a) Based on a maximum total steam flow rate of 430,000 lb/hr (54,000 g/s), 
wells turned down to 65 percent of normal operating capacity, 1,300 ppm 
H2s content and an assumed value of 98 percent of H2s control by the 
rock muffler system (Dames & Moore, 1984) . 
(b) Based on a maximum steam flow rate for one well of 150,000 lb/hr 
(19,000 g/s), 1,300 ppm H2s content, and no H2S control. (c) Based on two active wells connected to the branch line with total steam 
flow rate of 143,000 lb/hr (18,000 g/s) and 1,300 ppm H2S. The total 
steam flow rate in the branch line corresponds to one third of the total 
steam flow rate to the plant which is 430,000 lb/hr (54,000 g/s) . The 
event would last about 2 hours, until the flow is diverted to a rock 
muffler and a portable H2S control system is connected and activated. 
The wells would be turned down to 65 percent of normal operating capacity 
in case of a rupture disk event . 
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Table 6-9 
TSP EMISSIONS AND MAXIMUM GROUND-LEVEL CONCENTRATIONS 
Incremental 
Maximum 24-hour 24-hour 
Emissions GLC Hawaii AAQS 
Item lb/hr ill ug/m3 ~ 
Production(a) 0.010 1.3x1o-3 0.014 100 
Steam stacking(b) 81 10 12 100 
W~ll blowout<b)(c) 43 5.4 6.6 100 
Rupture disk 
event<b)(d) 27 3.3 4.2 100 
(a) Based on 0.86 lb/hr (0.108 g/s) of drift droplets, 1,200 ppm of solid 
particles in steam and 10 cycles of concentration in the cooling tower. 
• 
(b) The emission rate of particulate matter (Y) was estimated from the steam • 
flow rate (X) according to the following equation: Y = 0.00029 X -0.42 
where X andY are in lb/hr (Dames & Moore, 1984). 
(c) Based on maximum steam flow rate for one well of 150,000 1b/hr 
(19,000 g/s). 
(d) Based on two active wells connected to the branch line. 
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If the alternative system RT-2, described in Section 2, i s used to 
minimize H2s emissions, some emissions of nitrogen oxides (NOx) may occur 
because of the incineration process. However, the incineration process will 
be carried out at temperatures low enough to limit NO emissions to the 
X 
range of 0.2 to 0.6 lb/hr, i.e., 0.025 to 0.075 g/s. The corresponding 
maximum GLC resulting from these emissions will be about 0.0004 ppmv 
(0.8 ~g/m3 ), which is well below the federal annual average standard of 
3 0.053 ppmv (100 ~g/m ). 
Brine from the separators and cooling tower blowdown would have to be 
ponded during injection well shutdown. H2s emission from degassing of the 
pond would be within the allowable limits. 
The impact of the cooling tower drift on ambient concentrations of trace 
elements was estimated based on the trace element content of the steam 
condensate and the atmospheric dispersion calculation results for GLCs of 
particulate matter. Results are presented in Table 6-10 for trace elements 
for which an ambient level goal was reported by Cleland and Kingsbury (1977). 
The predicted maximum 1-hour GLCs of arsenic, boron, magnesium, and mercury 
are significantly less than the corresponding ambient level goals of Cleland 
and Kingsbury (1977). Therefore, no significant air quality impacts are 
expected to occur due to trace element emissions from the cooling tower draft. 
Air quality impacts of radon-222 were also assessed. The radon-222 
concentration of the steam was assumed to be 750 pCi/lb (Dames & Moore, 
1984). This value is consistent with the values reported by Cox (1980). 
Assuming a maximum steam flow rate of 150,000 lb/hr (19,000 g/s) and using the 
results of the atmospheric dispersion calculations for steam stacking, the 
b . t . f d 2 ld b 5 ' I 3 am 1en max1mum GLC o ra on- 22 wou e 0.8 pC1 m 
This value is significantly less than the federal standard of 3,000 pCi/m3 
Impacts of Facility Decommissioning on Air Quality 
The work required for decommissioning and restoration is similar to that 
needed for the site development and plant construction phases. However, the 
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Table 6-10 
ESTIMATED EMISSIONS AND MAXIMUM GROUND-LEVEL CONCENTRATIONS 
OF TRACE ELEMENTS FROM THE COOLING TOWER DRIFT 
Maximum 1-Hour 
Ground-Level Ambient Level 
Estimated Emissions<a) Concentration<b) Goal(c) 
Trace Element lb/hr g/s (uglm3> (ug/m3) 
Arsenic <4.3 x 1o-6 <5.4 x 1o-7 <5.8 x 1o-6 0.005 
Boron <4.3 x 1o-6 <5.4 x 1o-7 <5.8 X 10-6 7.4 
Magnesium <8.7 x 1o-7 <1.1 x 1o-7 <1.2 x 1o-6 12 
Mercury <4.3 x 1o-6 <5.4 x 1o-7 <5.8 x 1o-6 0.01 
(a) Emissions of trace elements from the cooling tower drift were estimated 
based on 0.86 lb/hr (0.108 g/s) of drift droplet, 10 recycles and steam 
condensate concentrations of trace elements less than 0.5, 0.5, 0.1, and 
0.5 ppm for arsenic, boron, magnesium and mercury, respectively. 
(b) Based on the dispersion calculations for TSP (see Table 6-9). 
• 
(c) Cleland, J. G. and Kingsbury, G. L. (1977). Multimedia environmental 
goals for environmental assessment, Vols. I and II; Report • 
EPA-600/7-77-136a U.S. Environmental Protection Agency, Research Triangle 
Park, North Carolina. 
• 
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extent of the work will be limited to a shorter period of time. Consequently, 
air quality impacts will be equal to or less than those described in the 
subsection on clearing and construction activities. 
6.3 PROPOSED MITIGATION MEASURES 
Construction Impacts 
Well drilling operations will be designed and managed to control leakage 
of the geothermal steam and to prevent blowouts. The well casing will be 
designed to minimize the possibility of a well casing rupture. The wellhead 
and drilling rig will be equipped with blowout preventors t o minimize the 
potential of a blowout. In the unlikely case of a blowout, geothermal fluid 
including H2S will vent to the atmosphere until the well is brought under 
control by injection of water into the wellbore. H2s emissions will be 
negligible during drilling operations since a mud drilling technique will be 
used. During well testing, H2s emissions will be abated by chemical 
injection . During well testing, particulate mat~er emissions will be 
controlled by the same t~chniques . 
The rotary drilling rig engine exhaust will be controlled by regular 
maintenance to prevent undue discharges. During clearing and construction, 
air contaminants will be emitted from the diesel engine exhaust of the 
construction equipment. Regular maintenance of the engines will prevent undue 
exhaust discharges. Fugitive emissions in the form of dust from heavy 
equipment construction activities will vary daily depending on the equipment 
activity and the weather. During rains, or when the earth is damp, fugitive 
dust emissions do not occur. During dry periods, the exposed soil in working 
areas will be sprinkled to control dust, and open-bodied trucks transporting 
dry materials will be covered. It must be emphasized that the region is quite 
rainy, with over 0.01 inch of rain per day, on at least 75 percent of the days 
at Hilo, and the ground can still be damp even on clear days. For these 
reasons, the temporary occurrences of fugitive dust during construction should 
be insignificant . 
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Power Plant and Production Well Operation Impacts 
During power plant operation, the principal atmospheric contaminants will 
be hydrogen sulfide (H2S) emitted from the cooling tower during normal plant 
operation, f rom the rock muffler during steam stacking, and trace metals 
present in the cooling tower drift. 
Emissions of H2s will be controlled by the plant process equipment. The 
geothermal steam from the wells will be cleaned and piped to the turbine 
generator, and the turbine exhausts will flow to the condenser where the spent 
steam will be condensed. 
The power plant design will incorporate multiple safeguards to protect 
public health, safety, and welfare, and the environment against unexpected 
impacts. During normal plant operation, noncondensable gases will be 
separated and injected into the nonreservoir geological strata, i.e., below 
the groundwater level and above the reservoir level. If this injection system 
proves to be infeasible, the RT-2 system developed by DOW will be used as an 
alternative approach to abate H2s . This approach will also limit H2s 
emissions from the cooling tower and the RT-2 system to the appropriate 
emission levels required to meet the emission standard. 
It may be noted that the frequent occurrence of rain will wash out such 
pollutants as H2s and TSP from the atmosphere and consequently limit their 
possible accumulation. 
Cooling tower drift will be controlled by demisters with a 0.002 percent 
release efficiency based on the circulating water flow rate . The drift water 
droplets, which contain dissolved solids and noncondensable gases in the same 
low concentrations as the circulating water, will be released from the two 
cooling towers at a total rate of 0.86 lb/hr (0.11 g/s). This small amount of 
drift will have no adverse environmental effects. 
All normal discharges will meet the concentration limits prescribed by 
OSHA standards to protect employees, state and federal AAQS to protect the 
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public, and PSD ambient increment limits to preserve and enhance Class I and 
Class II locations as appropriate . 
The H2s abatement systems described above apply to normal operating 
conditions and procedures . Uncontrolled release of geothermal fluids 
containing 1,300 ppm of H2S can be expected in case of a rupture disk 
event. rn the case of a rupture disk event, the steam flow will be diverted 
i nto a rock muffler, the ell flow rate will be reduced to 65 percent of the 
normal operating capacity, and H2s control equipment will be activated . 
This control procedure will be accomplished in less than 2 hours. 
Facility Decommissioning Impacts 
The required steps to restore the site when the decision has been made to 
shut down the facility are discussed in Section 2-6. Emissions from 
intermittent engine exhaust of heavy equipment will be controlled by efficient 
engine tune-up and maintenance procedures . Particulate matter from fugitive 
dust sources will be controlled by sprinkling dusty surfaces as necessary . 
Some of this dust will be controlled naturally since the site is in an area of 
high rainfall. The decommissioning activities will last only a few months and 
are not expected to hav~ lasting impacts on the physical environment . 
Monitoring 
To ensure that all design and environmental criteria are met, the 
meteorological and air quality monitoring system will be kept in continuous 
operation . Meteorological monitoring will be conducted at two sites, H2s 
monitoring will be conducted at four sites, and Radon-222 measurements will be 
conducted at one site. The monitoring sites are presented in Figure 6-1. 
Monitoring will be continuous and measurements will be reported as 1-hour 
average values . 
Meteorological monitoring will be conducted at the Woods Site and at the 
proposed plant site . Meteorological monitoring at the Woods Site includes 
wind speed, wind direction, wind direction fluctuation (sigma theta), 
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temperature, relative humidity, rainfall, and solar radiation. Meteorological 
monitoring at the proposed plant site includes wind speed, wind direction, 
temperature, relative humidity, and rainfall . 
Continuous ambient measurements of H2s will be conducted at four sites: 
Woods, Schroeder, Gilman, and the HGP- A fenceline site. Continuous ambient 
measurements of Radon- 222 will be conducted at the Woods Site. 
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Section 7 
Biological Resources 
• 
Section 7 
BIOLOGICAL RESOURCES 
This section describes the biological resources in the project area and 
the potential impacts on these resources caused by project development. Char 
and Sternrnerrnan (1984) developed the baseline biological description, and their 
study should be consulted for a more detailed discussion of biological 
resources in the project area. 
7.1 ENVIRONMENTAL SETTING 
Plants 
A total of 240 plant species were found during the course of the botanical 
field survey of the PGV project area. Of these, 163 (68 percent) were 
introduced species, 65 (27 percent) were native species, and 12 (5 percent) 
~ were of Polynesian introduction. Of the 65 native species recorded, 33 are 
endemic; that is, they occur naturally only in the Hawaiian Islands. Rare 
endemic species found in the study area include three Cyrtandra spp., 
Tetraplasandra hawaiiensis, and Bobea spp. None of these species occurs on 
the proposed well and power plant sites. 
Nine vegetation types found within the study area are described below and 
shown in Figure 7-1 (an oversized figure found in the back cover pocket). 
Much of the study area has been modified by human activities and consists of 
cultivated and fallow fields. About one-third of the study area is covered by 
the 1955 lava flow. Of the native vegetation types, the open Metrosideros 
forests occupy the most area. However, this vegetation type is not as 
species-rich or diverse as some of the other native vegetation types. 
Cultivated Areas. The cultivated areas (area C in Figure 7-1) present a 
mosaic of different crops, stages of cultivation, and various human 
activities. A network of paved and unpaved roads criss-cross the fields. 
Papaya (Carica papaya) is the main crop grown in the cultivated areas. A few 
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banana (Musa X~) fields, one field of vanda orchids (Vanda teres X y. 
hookeriana), and one weedy plot of macadamia nut trees (Macadamia ternifolia 
var. integrifolia) were also observed. 
Fallow Fields . Certain portions in the cultivated areas have remained fallow 
for a long time and can be characterized as open, grassy areas with scattered 
shrubs (areas C(f) in Figure 7-1). Many of these fallow fields are abandoned 
sugarcane fields, and sugarcane plants (Saccharum officinarum) are still 
frequently encountered. Molasses grass (Melinis minutiflora) and California 
grass (Brachiaria mutica) form the dominant cover. 
Closed Metrosideros Forest. Closed Metrosideros forests (area eM in 
Figure 7-1) can be found on Pu'u Honua'ula, around the large cracks scattered 
throughout the cultivated areas, in a few parts of the Leilani Estates, and 
near Pu'u Pilau. These forests are usually found on very old aa lava and are 
structurally well developed. 
The closed Metrosideros forest consists of tall-stature 'ohi'a 
(Metrosideros polymorpha), 65 to 100ft (20 to 30m) tall, with canopy cover 
greater than 60 percent. The shrub layer, which is 6 to 16 ft (2 to 5 m) 
tall, usually consists of a mixture of native and exotic species, although in 
some closed forests the native elements such as kopiko (Psychotria 
hawaiiensis) may be dominant. The most abundant native species in this layer 
are the tree ferns, Cibotium glaucum and Cibotium chamissoi. The ground under 
the closed Metrosideros forest is damp and the rough aa lava blocks are 
covered with the moss Rhizogonium spiniforme. 
The greatest number of native species occur in this vegetation type. 
Several rare or uncommon native species such as the three Cyrtandra spp., 
Tetraplasandra hawaiiensis, and the delicate filmy ferns Mecodium recurvum and 
Gonocormus minutus occur in the damp cracks and crevices of the closed forest. 
Open Metrosideros Forest. The open Metrosideros forest (area oM in 
Figure 7-1) occurs on relatively young, not deeply weathered lava flows. This 
• 
• 
vegetation type occupies large areas within the study area, such as the ~ 
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northern section above the Pahoa-Kapoho Road (Halekamahina), t he Leilani 
Estates, and the southern section along the Pahoa-Pohoiki Road . 
The open Metrosideros forest is composed of medium- stature, 16 to 50 ft 
(5 to 16 m) tall, widely spaced trees . Canopy cover varies from 20 to 
30 percent. An almost impenetrable mat of uluhe (Dicranopteris emarginata), 
3 to 8 ft (1 to 2 . 5 m) tall, covers the ground. Shrubs of Myrsine 
lessertiana, Pluchea odorata, guava, and malaban melastome are also widely 
scattered throughout the uluhe tangle. 
Open Metrosideros-Lichen Forest. Part of the 1955 lava flow is included in 
the study area. The vegetation on the lava flow (area oM(s-L) in Figure 7-1) 
is characterized by an open (5 to 20 percent cover), low-stature (1- to 
4- meter-tall) Metrosideros forest or woodland with a ground cover composed of 
the whitish-grey-colored lichen, Stereocaulon volcani, and the moss, 
Campylopus exasperatus. The hairy swordfern, Nephrolepis multiflora, is 
abundant in the many cracks and crevices that occur in the pahoehoe lava . 
Oven Metrosideros/Diospyros Forest. This vegetation type (area oMD in 
Figure 7-1) was observed only on the west slopes of Pu'u Honua'ula. L~a is 
co-dominant with 'ohi'a, although in some parts of this forest l~a forms 
almost pure stands with only a few scattered 'ohi'a trees . Canopy cover is 
less than 60 percent. Several large Kolea- lau-niu, trees that are 25 to 30 ft 
(8 to 10m) tall with basal diameters of 12 to 14 in. (30 to 35 em), were 
found in this vegetation type . Scattered trees of Pandanus odoratissimus are 
also occasionally found in this forest . 
Open Metrosideros-Psidium Forest . This vegetation type (area oM- P in 
Figure 7- 1) can be found in some areas north of the Pahoa- Kapoho Road, on Pu'u 
Honua'ula and its smaller adjacent pu'u (spatter cone), and in some areas near 
Pu'ulena Crater. 
The open Metrosideros-Psidium forest is composed of medium- to tall-
stature 'ohi'a trees, 25 to 65 ft (8 to 20 m) tall, with canopy cover varying 
from 20 to 50 percent. Scattered trees of lama, kukui (Aleurites moluccana), 
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guarama (Cecropia obtusifolia), and melochia (Melochia umbellata) are 
occasionally found. Tall strawberry guava and guava form a distinct subcanopy 
layer. 
All three Crrtandra species as well as Tetraplasandra hawaiiensis and 
Bobea sp. were found in this vegetation type. 
Mixed Forest. This vegetation type (area mf in Figure 7-1) is a mixture of 
'ohi'a and exotic trees: Albizia falcataria, Cecropia obtusifolia, Melochia 
umbellata, rose apple (Eugenia jambos), and mango (Mangifera indica). A few 
kukui trees (Aleurites moluccana) are also frequently found in these forests. 
This vegetation type is often found bordering the roadsides in the study 
area. Along the Pahoa-Pohoiki Road almost pure stands of Albizia, up to 
100 ft (30 m) tall, can be found. 
Scrub or Ruderal Community. The scrub or ruderal community (area s in 
Figure 7-1) is found in areas that are frequently disturbed or have been 
cleared, such as those along roads and trails, near the power lines east of 
Lava Tree State Park, and along forest borders. These sites are usually 
dominated by a number of weedy shrubs and grasses. 
This vegetation type may vary from open, grassy areas with scattered 
shrubs (5 to 10 percent cover) to more or less dense shrub cover (60 to 
70 percent), 5 to 20ft (1.5 to 6 m) tall. Broomsedge, molasses grass, and 
California grass form the dominant grass cover. The most commonly occurring 
shrubs are the two Psidium species, pluchea, and Malabar melastome. Several 
plants of Clidemia hirta, a noxious weed, were found across the road from the 
Kapoho Electric Substation near pole no. 313. 
Because of the extent of agricultural disturbance at the project site, the 
primary species of concern in the Puna District are native birds and mammals. 
Birds. Eleven species of nine avian families were observed in the study 
area. Only two of these species (the Hawaiian hawk and the lesser golden 
plover) are native; the rest are introduced from outside the islands. 
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Table 7-1 lists the species present in the study area and their 
approximate densities, expressed as relative abundances. Table 7-2 presents 
distributions of bird species by habitats. Table 7-3 lists native species 
that were not observed during this survey but, based on available literature, 
are known to be present at lower elevations in the Puna District. 
Birds observed in the study area are briefly described below. 
Hawaiian Hawk ('I'o) . The Hawaiian hawk (Buteo solitarius, Accipitridae), 
which is endemic to the island of Hawaii, is the only remaining species in a 
once diverse endemic raptor fauna (Olson and James, 1982). This species is on 
the Federal List of Endangered Species, though its status has been questioned 
(M. Scott, USFWS, personal communication). Its breeding range encompasses 
most of the island of Hawaii including the Puna District, which is an 
especially dense breeding area. The success of the Hawaiian hawk breeding in 
Puna is due primarily to the prime agricultural lands extending south and east 
of the town of Pahoa, which includes the present study area . 
Field studies identified in Table 7-4 have shown that the project area 
around the Pu'u Honua'ula is heavily used by hawks hunting for prey species. 
This is because of the open nature of this agricultural area and its potential 
for attracting prey species to discarded fruit and weed seeds. 
Five to seven adult and juvenile Hawaiian hawks are estimated to utilize 
the area within a 1 mi (1.6 km) radius of Pu'u Honua'ula. Figure 7-2 shows 
the location of Hawaiian hawk sightings from January 31 to February 6, 1984. 
The results of Hawaiian hawk studies are summarized in Table 7-4. Hawks were 
most frequently found perching in the small enclaves of native forest adjacent 
to papaya fields; these areas include Pu'u Honua'ula itself, the adjacent pu'u 
to the west, and two of the long, narrow Kipukas within the study site. Hawks 
were also seen in flight, over both forested and cultivated areas. 
During the three study periods, four nesting sites were located within a 
1-mile radius of the project site. Only one of these nests has been active 
each year. Nest no. 2 is located about 1 mi (1.6 km) east of the project site 
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Table 7-1 
BIRD SPECIES OCCURRING IN THE PGV STUDY AREA(a) 
Corranon Name Species; Family Status<b) 
Density in 
Study Area<c) 
Hawaiian hawk, 'I'o 
Lesser golden 
plover, Kolea 
Spotted dove 
Barred dove 
Barn owl 
Melodius 
laughing thrush 
Japanese white-eye 
Conunon myna 
House sparrow 
Northern cardinal 
House finch 
Buteo solitarius; Accipitridae Re,E u 
Pluvialis dominica; Charadriidae 
Vr u 
Streptopelia chinensis; Columbidae Fl R 
Geopelia striata; Columbidae Fl R 
Tyto alba; Tytonidae Fr Occ. 
Garrulax canorus; Timaliidae 
Fl u 
Zosterops iaponicus; Zosteropidae Fl A 
Acridotheres tristis; Sturnidae Fl A 
Passer domesticus; Ploceidae Fl R 
Cardinalis cardinalis; Fringillidae Fl c 
Carpodacus mexicanus; Fringillidae Fl A 
(a) The nomenclature and phylogenetic order follows the American 
Ornithologist Union Checklist of North American Birds (1982) and Pyle's 
Preliminary Checklist of the Birds of Hawaii (1977). 
(b) Status (Symbols after Pyle (1977), Preliminary Checklist of the Birds of 
Hawaii, 'Elepaio 37(10):112-121) : 
Re Resident species, native, endemic at the species level 
Fl Foreign introduced species, long established and breeding in 
Hawaii (for more than 25 years) 
Fr Foreign introduced species, recently established and breeding in 
Hawaii (for less than 25 years) 
Vr Visitor species, breeds elsewhere, regular migrant to Hawaii 
E Currently on the Federal List of Endangered Species 
(c) Density (expressed as relative abundance): 
Occ.= Occasional 
R Rare 
u 
c 
A 
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Table 7-2 
BIRD SPECIES OBSERVED IN VARIOUS STUDY AREA HABITATS(a) 
Habitats(b) 
Conunon Name A B c D E K1 K2 K3 K4 F Total 
Hawaiian hawk, 'I'o 5 1 2 8 
Lesser golden plover, Kolea 4 1 3 8 
Spotted dove 1 1 1 3 
Barred dove 1 1 
Barn owl 1 1 
Kelodius laughing thrush 2 1 2 4 1 2 1 3 16 
Japanese white- eye 5 11 26 33 3 3 1 12 5 8 107 
Conunon myna 5 6 7 14 20 9 3 64 
House sparrow 3 3 
Northern cardinal 2 1 8 13 1 2 5 2 4 38 
House finch 11 _7_ 21 _ll _9_ _L _L _6 _ _9 _ _L 108 
Total 26 27 72 111 37 7 10 31 23 13 357 
(a) The nomenclature and phylogenetic order follows the American 
Ornithologist Union Checklist of North American Birds (1982) and Pyle's 
Preliminary Checklist of the Birds of Hawaii (1977). 
(b) Habitats: 
A Large- stature exotic forest near Lava Trees State Park and along 
Pahoa- Pohoiki Rd . 
B 'Ohi'a forest north of Pahoa- Kapoho Rd . 
C 'Ohi'a forest, Leilani Estates 
D Pu'u Honua'ula and smaller pu'u to its inunediate southwest 
E Papaya fields (active and inactive) and other agricultural areas in 
study site 
K1 Small Kipuka (crack) 1/3 mile northeast of Pu'u Honua'ula 
K2 Small Kipuka (crack) 1/2 mile east/southeast of Pu'u Honua'ula 
K3 Large Kipuka (crack) 1 mile east of Pu'u Honua'ula 
K4 Large Kipuka (crack) 1/4 mile west/northwest of Pu'u Honua'ula 
F Pu'ulena Crater 
Source : Char and Stenunerman, 1984 
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Common Name 
Short-eared owl, Pueo 
Hawaiian thrush, 'Omao 
'Elepaio 
'Amakihi 
'O'u' 
'Apapane 
Species; Family 
Asio flammeus sandwichensis; 
Strigidae 
Phaeomis obscurus obscurus; 
Turdidae 
Chasiempis sandwichensis 
sandwichensis; Musicapirlae 
Loxops virens virens; Frin~illidae 
Psittirostra psittacea; Fringillidae 
Himatione sanguines; fringillidae 
(a) Distribution factors: H Habitat alteration 
C Competition 
D Disease 
R Resource availability 
S Sampling technique 
Low 
Elevation 
(HAVO) 
(ft) 
1,200 
1,600 
400 
50 
ca. 2,100 
400 
Density 
Rare 
1-10 birds/40 ha 
11-20 birds/40 ha 
Less than 1 hird/40 ha 
Rare (one individual)(f) 
21-60 birds/40 ha 
Table 7-3 
POTENTIAL UNOBSERVED 
BIRD SPECIES IN THF 
PGV STUDY AREA 
Factors 
Affecting 
Study Site 
Distribution(a) 
H,C 
H,r.,D(b) 
~(c) C 
' 
H,R,n,c 
(b) The thrush occurs commonly well below zones of mosquito infestation, indicating the secondary importance of disease in determining this species' 
distribution. 
(c) High densities of this species are associated with high structural diversity of habitat which is generally lacking in the Pu'u Honua'ula area. 
(d) 'Amakihi prefer open dry scrub and forested areas to more mesic habitats (Conant 1980, personal ohservation). They have been found in the 
Malama Ki Forest Reserve (Puna) at an elevation of 250 feet (~erger, 19~3). 
(e) Conant (1980) indicates greater-than-usual difficulty in detecting this species from 10:00 a.m. to 2:00 p.m. Because of limited field time 
available, much of the censusing for birds occurred during these hours. 
(f) Only one observation at this low elevation is cited in conant's NPS survey (1980). This species is prohablv found in lower Puna only as a 
result of the wide dispersion tendency of these birds from their distributional center, Ola'a Tract at HAVO, 4,000 feet. This species requires 
species habitat parameters (see Berger, 1983) and undisturbed forests. It will probably not occur in habitats such as those around Pu'u 
Honua'ula, which have been considerably altered. 
(g) 'Apapane appear to require a certain minimum density of 'ohi'a or a minimum level of nectar availability (Carpenter and MacMillen, 1976; Conant, 
1980, personal observation). Presence of 'Apapane in the Pu'u Honua'ula area (if at all) may be sporadic due to fluctuation of resource 
levels. Reduction of habitat quality in the study area due to invasion of exotic plants may also be a factor affecting this species' 
distribution. (The latter would affect 'Amakihi and 'Elepaio in a similar manner.) 
AR:6866d 
7~ 
• 
• 
• 
Survey 
Dates 
January 1, 1984 -
February 6, 1984 
June 14. 1984 -
June 29, 1984 
June 4, 1985 -
July 15, 1985 
April 28, 1986 
July 15, 1986 
Table 7-4 
SUMMARY OF HAWAIIAN HAWK STUDIES 
Total Hawk 
Sightings 
8 
23(a) 
18(b) 
Estimated 
Total 
Individuals 
4 
7 
5 to 7 
5 to 7 
Total Active 
Nests Nests 
4 1 
3 1 
3 1 
(a) Does not include hawk sightings at nest sites . 
(b) Census method changed . 
AR:6685d 7-11 
Survey 
Author, Year 
Char and 
Stemmerman, 
1984 
M. Stemmerman, 
1985 
J. Jeffries, 
1985 
J. Jeffries, 
1986 
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and was active all 3 years. A single nestling was raised in 1985, and another 
was ra i sed in 1986. No hawk nests have been found on Pu'u Honua'ula . Prey 
fed to the young hawks included rodents and small birds (Jeffries, 1985, 1986) . 
In June 1984, StemmeLman (1985) noted adult hawks adding nesting material 
to nest no. 2 but never observed eggs or young. Apparently, Hawaiian hawks do 
not breed every year but will maintain a nest and often an alteLOative nest 
within their territory. This second nest could be used if the first proved 
inadequate. Although no activity has been seen at a second nest site 330 ft 
(100m) west of the active nest (nest no. 2), this well-kept nest is most 
likely an alteLOative nest maintained by the active breeding pair. 
Although only one active nest was found in the area, the frequency of hawk 
sightings suggests that the number of suitable nesting sites within the area 
is limited, but hawks are nesting in nearby areas and foraging over the study 
area . 
Land clearing for agricultural puLPoses, although detrimental to nesting 
sites, has allowed for an increase in food availability for hawks and thus an 
increase in the number of hawks utilizing the area from adjacent territories. 
Although indirect human disturbance is noted to have only a minor effect 
on nestlings, prolonged loud noise or close human activity could be 
detrimental to reproductive success. The active nest, less than 330 ft 
(100 m) from a producing papaya field, is constantly exposed to human 
disturbance . Bulldozers, field workers, and tractors are constantly in the 
area and in the view of the young and adults. Only when the noise is 
excessive (the sound of a bulldozer operating nearby or a helicopter flying 
low and overhead) do the hawks become agitated, but apparently because of 
continued human activity they have become, to some extent, habituated to this 
disturbance . 
Lesser Golden Plover. The lesser golden plover, or Kolea (Pluvialis 
dominica, Charadriidae), is a shorebird that breeds in Siberia and Arctic 
North America . Wintering populations arrive in the Hawaiian Islands in late 
August and leave in March and April . On their wintering grounds, individual 
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birds are often territorial and site-tenacious, returning to the same location 
year after year (Brunner, personal conwunication, 1984). The Kolea were 
widely distributed in fairly small numbers throughout the study area. They 
are most commonly found in agricultural fields and open areas and, in smaller 
numbers, on subdivision roads. 
Spotted Dove. The spotted dove (Streptopelia chinensis, Columbidae) was 
found in very low densities in forested portions of the study area, 
particularly in the Leilani Estates and adjacent areas, and in the vicinity of 
Lava Trees State Park. 
Barred Dove. The barred dove (Geopelia striata, Columbidae) was observed 
only once in the study area, in papaya fields north of the Pu'u Honua'ula well 
sites. This species (like the preceding one) is primarily a seed-eating bird 
(Schwartz and Schwartz, 1949; Berger, 1983) and requires a source of drinking 
water. This factor probably plays an important role in determining the low 
abundance of both of these species in the study area. 
Barn Owl. The barn owl (Tyto alba, Tytonidae) is a relatively recent 
introduction to the Hawaiian Islands; the first birds were introduced to the 
Hamakua region of the island in 1958. The primary food items of this species 
in the Hawaiian Islands are small mammals, particularly mice and small rats 
(Tomich, 1971). One individual of this species was seen soon after dusk on 
February 11, 1984, adjacent to the Pahoa-Kapoho Road. The barn owl probably 
occurs in low densities throughout the agricultural portions of the study 
area, although its nocturnal habits prevent accurate density estimation or 
determination of its distribution. 
Melodius Laughing Thrush. The melodius laughing thrush (Garrulax canorus, 
Timaliidae) was found in low numbers in forested portions of the study area, 
apparently preferring exotic vegetation to native forest. This bird was most 
frequently observed in exotic stands of forest on Pu'u Honua'ula, in the 
Leilani Estates, and in the vicinity of Pu'ulena Crater. 
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Japanese White-Eye. The Japanese white- eye (Zoste~ops japonicus, 
Zosteropidae) was one of the most con®on species in the study a~ea. It was 
found th~oughout all habitats censused. Lowest densities we~e seen in papaya 
fields and other agriculturally modified habitats. Highe~ densities were 
found in closed fo~ests (both native and exotic), with highest numbers 
occur~ing in the Leilani Estates and on Pu'u Honua'ula. This species is an 
omnivo~e, which has provoked much speculation on its possible role in the 
local extinction of native forest bi~ds th~ough dietary competition (Banko, 
1978; Banko and Banko, 1976). 
Con®on Myna. The con®on myna (Ac~idothe~es tristis, Stu~nidae) was also 
pa~ticularly abundant th~oughout the study area. Unlike the Japanese 
white- eye, it showed a ma~ked p~eference fo~ open a~eas such as inactive 
papaya fields and areas unde~ cultivation. In forested regions, mynas were 
invariably found in cleared a~eas (e.g., ~oads) o~ adjacent to fo~est edges. 
This species is known to be commensal with man and does not often st~ay f~om 
developed areas . 
House Sparrow. Anothe~ commensal species, the house spa~~ow (Passer 
domesticus, Ploceidae), was found in very low numbe~s only in the Leilani 
Estates section of the study site. Berge~ (Kamins, 1978) did not find this 
species in his ea~lier survey of the Pohoiki ~egion, and it may be newly 
established here. 
Northern Cardinal . The northern cardinal (Cardinalis cardinalis, 
F~ingillidae) was sighted in relatively low numbers throughout the study 
area. This species showed a distinct preference for forested areas (ve~y 
con®on at Pu'u Honua'ula, less so in Leilani Estates), particularly those with 
some exotic plant cove~. It was sighted on only one occasion in cultivated 
fields . 
House Finch. The house finch (Ca~podacus mexicanus, Fringillidae) was 
con®on to abundant in all habitats within the study a~ea and was often found 
in large flocks of up to 40 birds. Though p~imarily a seed eate~. the house 
finch is ~enowned for its p~edilection fo~ papaya and other soft f~uits 
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("papaya bird" is a widespread common name for the species), which explains, 
to some extent, its abundance in the study site. 
Potential Unobserved Bird Species in the Study Area. Several species of 
birds are known to occur in other portions of the Puna District (especially 
areas at elevations below 2,000 ft [600 m]) but were not seen during field 
observation in the project study area despite the presence of suitable habitat. 
Table 7-3 shows data from censuses in the Kalapana Extension of Hawaii 
Volcanoes National Park, lowest known elevations from census counts, and 
approximate abundance at that elevation (Conant, 1980). Data from Hawaii 
Volcanoes National Park should be considered to be from a moderately 
undisturbed ecosystem. (Factors H, C, and D on Table 7-3 are all present to 
some extent but are not as severe as in the Pu'u Honua'ula area, which has 
been impacted by various kinds of human activity for a number of years.) 
Mammals. Signs of non-native mammals were common in the study area. 
Mongooses were seen and heard consistently in all agricultural habitats, and 
were especially common in old fields where there was a high density of shrubs 
and weeds for cover. One feral cat was seen in papaya fields adjacent to Pu'u 
Honua'ula. Rats and mice were evident in active papaya fields due to their 
gnawing of ripe fallen papaya. Four species of rodents may be found in these 
habitats (Kramer, 1971). Mus musculus. Rattus rattus, and Rattus exulans are 
occasionally found in fields, while Rattus norvegicus is found most frequently 
within 500 ft (150 m) of human habitations or other structures (Eskey, 1934, 
cited in Kramer, 1971). There was no evidence of feral pig activity in the 
study area. 
There were no observations of the native hoary bat in the study area. 
This species preferentially forages along forest edges or over bodies of water 
(Baldwin, 1950); there is probably a suitable habitat for this species in the 
Pu'u Honua'ula area. However, there are no published records of bats in the 
Puna District. 
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7 . 2 ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION 
The discussion below addresses clearing and construction impacts, 
operation impacts, and impacts of facility decommissioning on the biological 
environment . 
Clearing and Construction Impacts 
The well sites and proposed power plant and facilities sites are situated 
on fallow fields, scrub vegetation, or cultivated areas. Exotic, weedy 
species make up the dominant vegetative cover in the uncultivated areas, and 
papaya plants occur extensively throughout the cultivated areas. The native 
species that do occur on the proposed well and power plant sites are not 
designated as rare, threatened, or endangered on the federal or state lists, 
and are found throughout the Puna District and neighboring districts. It is 
projected that construction at the proposed sites will have no significant 
impact on the total island populations of the plant species present at these 
sites . 
Temporary construction disturbances to mammal and bird populations will be 
insignificant . The nearest Hawaiian hawk nest, about 1 mi (1.6 krn) east of 
the project site, should not be significantly affected by noise or other 
construction activities. 
Operation Impacts 
Emissions from plant operation that may affect regional vegetation are: 
o Gases and condensation drift from the cooling tower 
o Steam vented during periodic well maintenance 
o Steam stacking 
o Well blowout 
o Rupture disk event 
Liquid discharges from the plant will be injected into a deep well, thus 
posing no hazard to vegetation or wildlife . 
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Noncondensable gases that may be present in geothermal fluids include: 
0 Carbon dioxide (C02) 
0 Hydrogen sulfide (HzS) 
0 Ammonia (NH3) 
0 Nitrogen <Nz) 
0 Hydrogen <Hz> 
0 Methane (CH4) 
0 Ethane (CzH6) 
0 Helium (He) 
Carbon dioxide and hydrogen sulfide usually predominate, and the other gases 
usually occur at minor levels (Dames & Moore, 1984). Studies of the HGP-A 
well have found high H2s content, low co2 content, and no NH3 relative 
to other geothermal reservoirs; however, during operation most gases will be 
stripped from the steam and injected. 
Data collected during yearly vegetation monitoring and plant tissue analysis 
at the HGP-A site and adjacent areas have shown no significant increases in 
toxic emissions such as mercury (Hg) or arsenic (As) (Ecotrophics, 1981a, 
1981b, 1982). These findings, however, are based only on short-term 
observations. 
Maximum H
2
s concentrations from normal and accident/upset conditions are 
not expected to affect vegetation or wildlife adversely, based on a literature 
review of H
2
s environmental effects. Short- term H2s exposure, resulting 
from a well blowout, has caused vegetation damage to H2S-sensitive plant 
species in concentrations as low as 5 ppm (7,000 ~g/m3 ) (Lodgepole Blowout 
Inquiry Panel, 1984). This injury level is significantly above the 0.49 ppm 
(680 ~g/m3 ) maximum GLC expected from the project's worst case accident 
release (see Table 6-9). Long-term or continuous exposure to H2s has 
resulted in vegetation damage to H S-sensitive plant species in 
2 3 
concentrations as low as 0.3 ppm (420 ~g/m) (Thompson and Kats, 1978). 
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This inju~y level is significantly above the 0.008 ppm (11.2 ~g/m3 ) 
maximum GLC for normal plant operations (see Table 6-9). The predicted H S 2 
GLCs are also not expected to affect birds o~ mammals adversely, based on a 
literatu~e ~eview of H2s exposu~e effects on wildlife (Siegel, et al., 1986; 
New Norway Scientific Committee, 1974) . 
A direct, relatively short-term negative impact on nearby vegetation could 
result if the emission cont~ol systems break down. However, this damage would 
occur only if steam is vented for an extended time and if the t~ade winds 
(which normally disperse the steam very quickly) are weak or absent . 
Impacts of Facility Decommissionins 
During facility decommissioning there will be minor impacts on the 
biological envi~onment due to the increased use of heavy equipment and 
increased activity. These impacts, which will be similar to the construction 
impacts previously described, are expected to be minor and short-term. After 
the facilities are removed, the area will be restored to support the best 
alternative land use. 
7 . 3 PROPOSED MITIGATION MEASURES 
The discussion below add~esses the mitigation of construction impacts, 
operation impacts, and impacts of facility decommissioning on the biological 
environment. 
Construction Impacts 
No significant di~ect impacts to the biological envi~onment are expected 
du~ing construction because the land has been previously distu~bed by 
agricultural and volcanic activity . 
Prolonged loud noise (such as low flying helicopters) or other close human 
activity may potentially impact the nesting of the endangered Hawaiian hawk 
('I'o) . The only known active hawk nest is about 1 mi (1 . 6 km) east of the 
plant site and should not be significantly affected by the plant construction 
• or operation. 
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Operation Impacts 
The only way power plant operation can affect biota is through discharges 
to the environment, such as liquid and gaseous fluids, thermal discharge, 
trace emissions of escaping H2s, and noise. Available scientific evidence 
indicates that the ambient concentrations produced by these discharges will be 
too low to cause any significant impacts on biological resources . Liquid and 
gaseous fluids will be injected into the geologic formations; excess thermal 
energy will be discharged to the atmosphere at the cooling towers; and trace 
emissions of H2s remaining after abatement and the noise of operation are 
too low to affect biological resources. 
The Hawaiian hawks in the area should not be significantly affected by 
plant operation. They are accustomed to human activity in the papaya fields, 
and the active nests are about 1 mi (1.6 km) from the plant site . The low 
levels of human activity at the plant and well sites and the limited 
geographic extent of these activities should not significantly disturb the 
Hawaiian hawks. 
No toxic emissions such as mercury or arsenic are expected at the power 
plant. However, a long-term monitoring program designed to detect any changes 
in the vegetation caused by emissions will be continued during operation of 
the power plant. 
Impacts of Facility Decommissioning 
No significant impacts on the biological environment due to facility 
decommissioning are expected. During the decommissioning process, the 
existing topography will be restored and the area will be revegetated. 
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Section 8 
NOISE 
8.1 ENVIRONMENTAL SETTING 
The following describes existing site conditions, noise ordinance, and 
existing site noise levels. 
Existing Site Conditions 
The area around the PGV project site is a mixture of light to dense 
vegetation, consisting of papaya orchards, woodlands, and other natural 
vegetation, and barren lava. Included in the PGV site are two volcanic pu'u 
(hills), Pu'u Honua'ula and an unnamed pu'u, which rise about 150ft (45 m) 
above the surrounding land. South and southeast of the site, the land has 
been subdivided into 1-acre homesites. Most of these are vacant. There are 
about one dozen residences located within 1 mi (1.6 km) of the site. The 
nearest homes are about 1/2 mi (0.8 km) to the east and to the south of the 
site. Land uses in the project vicinity are discussed in Section 3. The site 
is exposed to the normal northwest tradewinds, which blow 9 months out of the 
year and frequently exceed 12 mph (Burgess, 1980) with gusts up to 20 mph. 
Noise Ordinance 
Currently there is no known noise ordinance with nume ica imits 
applicable to the site. However, the County of Hawaii Planning epa~tment has 
developed Geothermal Noise Level Guidelines from a study of noise in the Puna 
District (Darby-Ebisu and Associates, Inc., 1981). The study was based on 
U.S. Environmental Protection Agency noise criteria and may be a~plied to this 
project as the basis for use permit conditions. These guidelines consider 
55 dBA during daytime (7:00a.m. to 7:00p.m.) and 45 dBA during ni httime 
(7:00p.m. to 7:00a.m.) as satisfactory sound levels for residential areas. 
The allowable noise limit for impact noise (noise of short duration, typically 
less than 1 second, and caused by impacts of pipes, tools, etc.) is 10 dBA 
higher than the overall limits for daytime and nighttime. The allowable noise 
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levels may not be exceeded more than 10 percent of the time in any 20-minute 
period. 
Existing Site Noise Levels 
An environmental noise survey was conducted at the PGV site to determine 
current ambient (background) noise levels during weekday periods. Two 
battery-powered noise monitoring systems were used to measure the ambient 
noise levels for 24-hour periods at four locations. The survey was conducted 
during early September 1986. 
Monitoring Locations. Four noise monitoring locations, chosen in conjunction 
with Bill Burkhard of Alpha Micro Systems, who is a consultant to the state of 
Hawaii, were used in this survey and are shown in Figure 8-1. Two of the 
locations were on residential properties located south and southwest at 
approximately 1/2 and 1 mi (0.8 and 1.6 km), respectively, from the PGV 
proposed power plant site. These resident locations are: 
0 Brees Station, lot 54, Lanapuna Gardens, Lauone 
0 Gilman Station, residence, Kaupili Street 
The two remaining monitoring locations were on the PGV site, one at 
Wellpad A and the other at Wellpad B. 
The instrumentation and procedures used for this environmental noise 
survey are described in the appendix. 
Noise Descriptors 
The noise descriptors C~ 0 and Leq) used for the purpose of this 
survey are defined below: 
o Lgo is the A-weighted sound pressure level that is 
exceeded 90 percent of the time. The specified time period 
is 1 hour. The Lqo is commonly used as an indicator of 
the ambient (background) noise level. 
o Leq is the equivalent sound level, which is the energy 
average of the A-weighted sound pressure level. The 
specified time period is 1 hour. The energy average is the 
constant noise level for an hour that has the same average 
energy as the actual fluctuating level during the hour. 
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Summary of Results. The hourly Lg 0 and Leq A-weighted sound pressure 
levels measured during a nominal 24-hour period at each monitor location are 
tabulated n Table B-1. 
The existing noise environment during the survey period on and around the 
PGV site was fairly quiet throughout much of the daytime and nighttime 
periods. However, during moderate wind (6 mph or greater) and moderate to 
heavy rain conditions, the hourly Lg 0 noise levels increased by 19 dBA. 
These wind and rain conditions occurred during 1 day of measurement between 
2:00 and 7:00a.m. at the Gilman Station. During this period, the hourly 
~O noise level ranged from 48 to 51 dBA (exceeding the county noise 
guidlines of 45 dBA). The noise increase was due to rain falling on broadleaf 
vegetation and wind blowing through nearby trees. During this survey period, 
early morning rains were observed each day and localized rain showers of short 
duration during daytime hours. 
The range of hourly ~O and average Leq sound levels measured at 
off-site resident station and on-site locations during day and nighttime 
periods are presented in Table 8-2. Daytime is defined from 7:00 a.m. to 
7:00p.m. and nighttime from 7:00p.m. to 7:00a.m. 
The prevalent noise during daytime hours is from distant and local 
traffic, wind, birds, and insects. Noise from operation of the HGP-A 
Facility, located on Pahoa-Pohoiki Road, just south of the PGV site, was 
barely audible at the PGV on-site monitoring locations (Wellpads A and E), and 
inaudible at the two off-site resident monitoring stations. 
8.2 ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION 
The following describes impacts of construction, traffic, and drilling 
operations noise. 
Impacts of Construction, Traffic, and Drilling Operations Noise 
Development of the geothermal steam field will occur in stages. For each 
stage, characteristic noise sources can be identified, the duration of which 
will vary from one drill site to another. Certain noise sources, such as 
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Table 8-1 
• TWENTY-FOUR-HOUR NOISE MONITORING DATA 
Off-Site Off-Site 
Monitoring On-Site Resident On-Site Resident 
Locations Wellpad A Brees Station Wellpad B Gilman Station 
Time Period 23 Hours 24 Hours 24 Hours 24 Hours 
Hour L L ~O(dBA) Leq ~O(dBA) Leq ~O(dBA) Leq En dins 90(dBA) eq 
12:00 
13:00 36 51.0 
14:00 36 38.1 35 43.9 36 50.3 
15:00 36 37.7 35 43.3 33 54.4 34 43.7 
16:00 36 37.5 34 42.7 34 36.8 32 46.7 
17:00 37 45.5 35 44.6 34 42.8 32 50.2 
18:00 38 50.0 33 43.2 36 40.2 35 39.1 
19:00 36 40.5 32 34.2 38 40.8 40 47.7 
20:00 36 39.8 35 36.7 41 43.5 50 53.1 
21:00 36 38.7 34 36.6 36 39.8 39 42.8 • 22:00 37 37.8 34 35.8 35 38.6 39 41.2 
23:00 36 41.1 34 36.0 38 41.6 38 41.8 
0:00 36 41.9 35 36.8 38 41.0 41 44.5 
1:00 37 40.1 35 37.0 39 41.9 42 44.3 
2:00 37 40.6 35 37.2 37 39.7 44 49.4 
3:00 37 40.8 35 37 .o 39 40.8 48 50.1 
4:00 36 41.8 35 37.1 39 41.2 49 51.9 
5:00 38 40.8 34 36.6 41 42.6 51 53.2 
6:00 39 42.7 34 36.4 38 41.7 50 52.2 
7:00 37 44.2 .35 46.4 36 46.8 43 47.3 
8:00 35 39 .o 34 43.9 39 42.5 35 43.8 
9:00 35 63.4 34 46.8 37 44.3 36 43.3 
10:00 36 41.1 34 48.4 33 42.8 35 42.9 
11:00 36 64.0 37 43.6 32 35.0 34 43.8 
12:00 36 36.7 40 46.3 33 40.0 33 43.0 
13:00 33 37.2 34 51.2 
14:00 34 39.3 
• 
AR:6645d 8-6 
• 
Table 8-2 
RANGE OF HOURLY l<J 0 AND AVERAGE Leq SOUND LEVELS 
On-Site Locations Off-Site Locations 
Brees Gilman 
Well pad A l~ellpad B Station Station 
(dBA) (dBA) (dBA) (dBA) 
Hourly I.<J 0 Sound Levels 
Daytime 35 to 38 32 to 39 32 to 40 32 to 40 
Nighttime 36 to 39 35 to 41 34 to 35 38 to 51 
Hourly Average Leq(a) Sound Levels 
Daytime 37 to 64 35 to 54 34 to 51 39 to 51 
Nighttime 38 to 44 39 to 47 36 to 46 41 to 53 
• (a) Rounded to the nearest dB level • 
• 
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vehicular traffic, will continue at varying levels for the life of the 
project. Expected noise sources include the following: 
o Construction noise, which is associated with 
earthmoving and construction equipment used during 
road-building, wellpad construction, and pipeline 
laying, and building erection. This noise will occur 
primarily during the initial stages of the project. 
o Traffic noise, which is generated by trucks and 
automobiles travelling to and from the project. 
Traffic noise will occur throughout the life of the 
project. 
o Drilling operations, which will occur mostly toward the 
beginning of the project and at each wellpad location 
as it is developed. 
o Well-testing and bleeding noise, which occurs primarily 
at the beginning of the project, but also sporadically 
throughout the life of the project. 
These noise sources are discussed in the following paragraphs. 
Construction Noise . During the initial stages of the project, power equipment 
used to construct roads, wellpads, the power plant, and pipelines will 
generate noise. Construction will normally be restricted to weekday (Monday 
through Friday) daylight hours. The primary noise is expected to be caused by 
large diesel-powered equipment. 
Backup alarms, which are standard safety features of construction 
equipment, produce a loud beeping sound that, by law, must be clearly audible 
above the construction noise itself. The distinctive beeping noise will often 
be audible. The use of these alarms will be intermittent. 
Power plant construction noise will be caused by heavy equipment, such as 
bulldozers, graders, trucks, compressors, portable generators, and pumps. 
Neither pile driving nor blasting is planned. The octave band noise levels 
used in predicting construction equipment noise are based on typical 
construction equipment noise levels and are shown in Table 8-3. Noise from 
impacts of pipes and other miscellaneous short-duration noise sources may 
cause higher short-term noise levels. 
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Table 8-3 
EQUIPMENT NOISE LEVELS USED TO PREDICT PLANT 
CONSTRUCTION NOISE 
(Sound Pressure Levels in dB at 50 ft) 
Octave Band Center 
Frequency (Hz) 
Equipment 63 125 250 500 1,000 2,000 4,000 8,000 dB A 
Bulldozer 113 101 85 76 73 65 63 60 90 
Portable 110 98 82 73 70 62 60 58 87 
generator 
Scraper 114 102 86 77 74 66 64 61 91 
Excavator 113 101 85 76 73 65 63 60 90 
Warning _(a) 103 99 93 89 85 100 
horn 
Off-highway 117 105 89 80 77 69 67 64 94 
• 
hauler 
Air 112 100 84 75 72 64 62 59 89 
compressor 
(a) Noise level for this frequency was not obtainable or significant. 
Source: Bolt, Beranke, and Newman, 1977 • 
• 
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Figure 8-2 shows the predicted noise levels due to construction in the 
power plant area. Construction noise should not significantly affect nearby 
residents. All noise predictions in this document include the effects of 
atmospheric attenuation only; other attenuations, such as foliage, barriers, 
and terrain effects are neglected. During favorable atmospheric conditions, 
foliage and terrain attenuation can cause significantly lower noise than is 
shown, particularly in the sound shadow zones shown on the figure. 
Wellpad and road construction will require heavy equipment similar to that 
used for power plant construction. Noise levels will usually be less than 
those during construction of the power plant, since fewer pieces of heavy 
equipment are required. However, these noises will occur throughout the 
project area. Preparation of drill sites may require several weeks of work, 
typically not continuous, so that the total elapsed time may be several 
months. Wellpads A and B are already completed. 
Traffic Noise. Based on the Transportation Study for The Geysers Geothermal 
Resource Area, the expected total of vehicle trips for a typical geothermal 
steam field and power plant development (110 MW) project during construction 
and well drilling is 70 vehicle round trips per day (California Energy 
Commission, 1981). The PGV plant is approximately one-forth the size of The 
Geysers plant, and the actual traffic will probably be half of this total. 
Noise levels for the access road traffic were estimated using the 
federal highway noise prediction model (U.S. Federal Highway Administration, 
1977). It was assumed that the average speed of the traffic was 30 to 40 mph 
and that the vehicles were travelling up a grade. At a distance of 200 ft 
(160m) from the roadway, the hourly average traffic noise (L ) was 
eq 
calculated to be between 30 and 40 dBA. 
Drilling Operations Noise. In drilling the geothermal wells, mud is used as 
the circulation medium. The primary noise sources will be the mud circulation 
equipment, generators, and the engines, located on the drilling rig. The 
mud-drilling phase may last up to 2 months. 
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Air drilling (drilling with air as the circulating medium instead of mud) 
will be used only for remedial well work which may occur 2 to 4 years after 
the initial mud drilling. The noise from drilling with air is expected to be 
higher, due to the air compressor engines and the discharge of air and rock 
cuttings. Finally, when steam is encountered, the noise of escaping (venting) 
steam will be added to the air compressor noise. However, a good muffling 
system will reduce steam noise to a level 10 dB above that of the air 
compressors. It is possible to further reduce routine steam-venting noise 
levels essentially to that of the air compressors. The air drilling phase may 
last up to 10 days. 
Drilling noise predictions were based on noise measurements made near a 
specially quieted Barnwell drill rig (without any steam-venting noise) at 
Puna, Hawaii, and on pipe impact and air compressor noise measured at The 
Geysers in California. The octave band noise levels used in predicting 
drilling noise levels are listed in Table 8-4. It is assumed that the steam 
mufflers in use will silence steam-venting noise to a level 10 dB above the 
specially quieted Barnwell rig noise levels shown in Table 8-4. Use of an 
inefficient steam muffler would result in steady drilling noise levels higher 
than these. Efficient portable or stationary muffler designs are available. 
During well testing, noise may at times be slightly higher than that during 
drilling. The use of effective portable or permanent rock mufflers designed 
for this purpose can attenuate well testing noise significantly. 
Figures 8-3 through 8-8 show the predicted steady noise levels at the site 
due to drilling with air compressors (worst case condition) and muffled 
steam-venting noise at Wellpads A, E, C, D, and E, and the liquid injection 
wellpad, respectively. (Noise from grading or other drill site construction 
activites is not included.) In this report, all predicted noise levels 
include the effects of atmospheric attenuation only. Other attenuations such 
as foliage and terrain effects are neglected, therefore giving a worst case 
analysis. The sound shadow zones on each figure show where the noise levels 
will often be lower due to barrier effects of the terrain. It was assumed 
that drilling will occur at only one well at a time. Actual noise levels will 
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Table 8-4 
NOISE LEVELS USED TO PREDICT 
DRILLING NOISE 
(Sound Pressure Levels in dB at 50 Feet) 
Octave Band Center 
Frequency 
(Hz) 
Item 63 125 250 500 1,000 2,000 4,000 8,000 
Steady noise of 76 76 77 73 70 63 60 52 
specially quieted 
Barnwell drill 
rig, no steam 
venting noise<a) 
Steady noise 86 86 87 83 80 73 70 62 
of throughly 
muffled steam 
during drilling 
Maximum noise _(b) _(b) 79 88 90 88 76 _(b) 
of pipe 
impactCc) 
(intermittent 
source) 
Steady noise 83 83 80 73 65 62 60 58 
from two air 
compressors(d)(e) 
with enclosures 
Steady noise 56 52 57 58 60 59 53 46 
from one diesel 
generatorCa) 
(a) Darby-Ebisu, 1982. 
(b) Noise levels at this frequency would not contribute significantly. 
(c) Consultants in Engineering Acoustics, 1981. 
(d) Ibid. 
(e) Air compressors not used during mud drilling. 
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depend on steam muffler efficiency (a less efficient muffler than assumed will 
result in noise levels up to 20 dB higher). It is also assumed that the drill 
rig is thoroughly silenced to the noise levels on Table 8-3 by use of 
high-quality mufflers, effective noise shielding, and enclosures. 
The pipe impact noise levels used are maximum levels and only occur 
momentarily. Therefore, the predicted noise levels shown are the peaks; 
continuous noise levels are lower. However, rough pipe handling could cause 
higher peak noise levels. 
Short-term drilling activities may produce temporarily high noise levels. 
For example, extremely noisy compressed air releases occur when the drill pipe 
is separated without first depressurizing it through an effective muffler. 
Several upsets can occur during drilling that would result in very noisy 
unmuffled steam or air releases. Steam is normally prevented from escaping by 
a one-way check valve, located within the drill pipe, often called a float 
valve. If this valve fails or cannot be used for technical reasons, or if the 
drill pipe is broken above the float valve, and if the top of the drill pipe 
is opened (while pulling pipe sections out of the hole, for example), then 
high-pressure and noisy steam releases will occur on or above the rig floor. 
However, such events rarely occur. Certain well casing placement operations 
also result in noisy steam releases for a period of hours. 
Cementing the wellbore is another short-term noise. Cementing noise is 
estimated to be 10 dB above steady drilling noise, but it is highly dependent 
on the noise controls used on the cementing truck. No short-term noise 
sources are included in Figures 8-3 through 8-8. 
Wel esting and Bleeding Noise. After a well is drilled, it will be tested 
to determine its capacity and other characteristics. Testing may initially 
require 7 days; however, it is the objective of the project to reduce this to 
24 to 48 hours of flow. Testing may be performed continuously or 
intermittentl~ for the re uired period. Normally, testing will utilize an 
effective rock muffler which quiets steam discharge to 55 dBA or less at the 
lease boundary. Venting wells directly to the atmosphere (unmuffled), which 
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is the safest and most expedient method, is the most powerful geothermal noise 
source, and was partly responsible for the noisy reputation of early 
geothermal development. In the present project, t he duration of unmuffled 
venting will be minimized as much as possible. During emergencies, when it 
would be unsafe not to vent, or in case of an accident, levels could 
t emporarily be as high as 125 dBA at 50 feet (Burgess, 1980). 
One of the loudest short-term noises may occur when the pipeline~ are 
cleaned out and pressure-tested prior to production. The cleanout procedure 
consists of intermittent venting steam during daylight only for several hours 
at high velocity from the wells to openings in the pipeline where it is 
released directly to the atmosphere. The procedure normally occurs once for 
each section of pipeline. Typically, there are only one or two major 
cleanouts per steam field, which may consist of several sessions over several 
days. Depending on flow requirements, noise levels due to cleanouts and 
pressure tests may be as low as those for steady drilling or as hi~h as those 
for high-pressure unmuffled well venting (Table 8-4). 
Plant Operation Noise. Noise during operation will be generated by the 
following sources: 
o Turbine-generators 
o Cooling towers 
o Circulating water pumps and motors 
o H2S abatement system 
o Steam ejectors 
o Steam stacking (controlled venting through rock mufflers) 
o Steam gathering system (including valves) 
These power plant noises and the operation of the steam-gathering system 
are discussed in the following paragraphs. The transmission lines and 
transformers are not included in this report and are not discussed here. 
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4llt The octave band noise levels for the sources used in predicting 
4llt 
4llt 
operational noise are shown in Table 8-5. Figure 8-9 shows the maximum noise 
level contours during normal plant operation. Nearby residents should not be 
significantly affected by the noise of plant operation. 
In developing the noise contours shown in Figure 8-9, it was assumed that 
the total noise of plant operation would not exceed the cooling tower noise by 
more than 2 dB. This estimate of source noise assumes effective noise 
controls will be applied to the turbines, some piping, the H2s abatement 
system, the steam ejector, and possibly other equipment. It also assumes 
effective suppression of noise from the steam release facility and the use of 
efficient rock mufflers in the steam release facility. Because a highly 
efficient rock muffler will be used when it is necessary to release steam to 
the atmosphere, noise levels during stacking episodes will not be higher at 
existing residences than during normal plant operation. The piping and valves 
will also require special attention during design and may require 
thermal/acoustical lagging in places. 
Unmuffled steam venting to the atmosphere occurs only for well cleaning, 
in emergencies, in case of accident, or when safety prohibits use of a 
muffler. Steam venting with a duration of 2 to 4 hours will occur when a well 
is brought on-line and possibly again when conditions dictate remedial work or 
well cleaning is necessary, which is expected to be infrequent. Remedial work 
and well cleaning will be planned during daylight and when the acoustical 
attenuation characteristics of the atmosphere due to wind and temperature 
gradients (Burgess, 1980) are favorable. Residents will be notified prior to 
remedial (venting) work and well cleaning. Therefore, unmuffled venting to 
the atmosphere is not included in the predictions of operational noise. 
Unmuffled well-venting could create noise levels of up to 125 dBA at a 
distance of 50 ft (15m), and of 50 to 83 dBA at a distance of 1 mi (1.6 km) 
(Burgess, 1980). 
Occasional noise sources include separator drains and condensate drippings 
(if vented without muffling), unmuffled rupture disks (only when flowing steam 
after rupture), and well venting (such as during master valve replacements). 
Wells should rarely have to be vented directly to the atmosphere during steam 
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Table 8-5 
NOISE LEVELS USED TO PREDICT 
NOISE FROM PLANT OPERATION 
(Sound Pressure Levels in dB at 50 Feet) 
Frequency 
(Hz) 
Item 63 125 250 500 1,000 2,000 4,000 
Turbine(a) 69 69 65 63 60 58 53 
Cooling tower, 78 78 75 72 68 65 62 
per cell(a) 
HzS abatement to 89 83 79 93 91 80 70 
injection well 
(compressor) 
Steam ejector __ (b) 74 73 73 73 75 76 
(l-inch 
insulation)Cc) 
Flow noise 51 52 50 51 48 46 43 
in steam 
pipesCd) 
(a) Edison Electric Institute, 1978. 
(b) Noise level for this frequency was not obtainable or significant. 
(c) Consultants in Engineering Acoustics file data 
(d) Bechtel In-House Computer Prediction, including 20 dB of silencing. 
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production. However, such occasional noise sources can cause complaints, 
particularly if they occur at night. Regardless of plans, it may not always 
be feasible to release steam through mufflers during maintenance procedures. 
The frequency and duration of any unmuffled steam releases are difficult to 
estimate, though they should be infrequent. 
The design pressure drop across the control valve at the wellhead will be 
16 psi and will not cause any significant noise. However, if this pressure 
drop becomes sizeable (between 75 psi and 150 psi), the noise from the control 
valves could be 40 to 45 dBA at 0.5 mile, depending on valve type and size, 
piping configuration, and insulation (Consultants in Engineering Acoustics, 
1981). Such distinctive valve noise will then be clearly audible at 
residential locations, even in the presence of most background noises of the 
same A-weighted noise level. 
Noise from water droplet impingement at pipeline bends is expected to be a 
minor noise source (Burgess, 1980) • 
Power Plant and Well Decommissioning Noise. The major noise sources during 
plant decommissioning and abandonment will be from the same heavy construction 
equipment used for plant construction. The octave band noise levels used to 
predict construction noise (see Table 8-3) also reflect decommissioning noise, 
since the equipment and the noise sources are substantially the same. (See 
Figure 8-2 for predicted plant shutdown noise levels.) The noise levels have 
been adjusted for atmospheric attenuation, but not foliage, barrier, or 
terrain effects. Momentary noise from collapsing structures during demolition 
may be plainly audible above the general noise of construction equipment. In 
the shaded areas of Figure 8-2, the noise levels may be lower as a result of 
terrain barrier effect "sound shadows." 
No blasting is planned during plant shutdown and abandonment. 
8.3 PROPOSED MITIGATIO MEASURES 
The following discussion covers proposed mitigation measures for drilling 
rig noise, construction noise, operation noise, and plant decommissioning 
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noise. With these noise mitigation measures, and the operating precautions • 
discussed in Section 8.2, no significant noise impact on biological resources 
or nearby residents is expected. 
Drilling Rig Noise 
Continuous drill rig noise will reduced by: 
o Using residential-grade exhaust mufflers 
o Placing or constructing an acoustic enclosure around the 
drill rig engines and other noisy mechanisms 
o Silencing engine radiator air inlets and outlets 
All of these methods have been successfully used during drilling on this 
site by TPC. 
Operations that may cause higher noise or impacts of pipes, such as 
pulling the drill bit out of the hole for replacement (roundtripping), will be 
scheduled for the daylight hours as much as possible. 
Silencers and/or acoustic enclosures will continue to be used on all 
auxiliary equipment, such as diesel engines, generators, and pumps. If steam 
venting is necessary during drilling operations, effective mufflers will be 
used on the drill rig, such as a rock muffler or a high-efficiency steam vent 
silencer. The best mufflers will reduce steam release noise to the same level 
as that produced by the air compressors or quieter. Other measures to reduce 
noise include orienting drilling equipment to direct maximum noise away from 
residences and silencing noisy steam vents. 
Construction Noise 
Construction equipment, including auxiliary equipment such as portable 
generators and air compressors, will have highly effective exhaust mufflers 
that do not compromise engine operation. Construction activities will also be 
limited to daytime hours, and backup alarms will be limited to the minimum 
legal limits. 
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Operation oise 
Controls that will be used to reduce operating (field and plant) noise are 
listed below: 
o Insulate noisy pipes and valves with acoustically effective 
material. 
o Install silencers on pressurized steam outlets, including 
rupture disks. 
o Acoustically insulate any steam ejectors. 
o Arrange the plant layout to shield residents from cooling 
tower noise. 
o Use quiet fans, motors, and baffles for the cooling towers. 
o Enclose, muffle, or acoustically insulate any noisy 
equipment. 
o Use acoustical insulation and/or enclosures for the turbine 
generator. 
0 Baffle or muffle ventilation openings to control noise 
emmissions from the turbine hall building. 
o Schedule noisy maintenance during daylight hours. 
Plant Decommissioning Noise 
Noise mitigation measures for plant decommissioning and abandonment will 
be generally the same as those for construction. Residential mufflers will be 
used on all equipment exhausts, and enclosures provided for all portable 
equipment, such as air compressors, generators, and pumps. Plant and 
wellfield dismantling will be done during daytime hours • 
AR:6645d 8- 35 
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Section 9 
PUBLIC HEALTH AND SAFETY 
This section discusses the inherent risks associated with geothermal 
development in general and the PGV project in particular. To present the 
information as clearly and cohesively as possible, the normal division of 
environmental setting and impact analysis were not used in this section only. 
9.1 PUBLIC HEALTH AND SAFETY RISKS 
In general, anticipated project-related public health risks for H2s and 
other risks in the near vicinity (0.6 mi [1 km]) of the project can be 
characterized as follows: 
o Continuous exposure to very low levels of H2S released 
from the cooling tower during operation 
0 Temporary exposure to higher level§ of H2s and other 
geothermal gases resulting from the planned open venting or 
an accidental well blowout during construction, or 
accidential release of gases from a ruptured pipe during 
operation or other low probability event 
o Possible increase in traffic accidents resulting from 
increased construction-related traffic 
o Possible risk of spills of toxic chemicals in transport to 
the site 
In addition, construction and operation employees at the plant will be 
exposed to: 
o Normal risks associated with working at an industrial 
facility plus additional exposure to high- temperature and 
high-pressure conditions 
o Low levels of H2s released from the cooling tower and 
leaks from other sources 
o Possible arseni c exposure during plant operation and 
maintenance 
0 
AR : 687ld 
Risks associated with transport, storage , and hand l ing of 
hazardous chemicals (i.e . , NaOH) used at the site 
9 - ·1 
Hydrogen Sulfide Releases 
Hydrogen sulfide gas (H2S) is the major public health concern associated 
with the development of geother~mal power and is typically found in areas of 
volcanic geothermal activity. H2s is a colorless gas that at low 
concentrations has an offensive, rotten egg odor. Although it is not 
generally a serious health risk, it can cause respiratory poisoning at high 
concentrations, acting primarily as a systemic poison (American Conference of 
Governmental Industrial Hygienists, 1980). Estimates of minimum odor 
threshold levels vary considerably; however, the distinctive smell of H2s 
may be detectable by humans even at very low levels (0.00047 ppmv) (Walton and 
Simmons, 1978). Table 9-1 summarizes the health effects of exposure to H2s 
at various concentrations. 
The occupational exposure limits recommended by the American Conference of 
Governmental Industrial Hygienists (ACGIH) for H2s are : 
0 Threshold limit value (TLV) 10 ppmv 
0 Short-term exposure limit (STEL) 15 ppmv 
Various studies have indicated eye irritation and odor problems (nuisance 
or annoyance) at minimum concentrations ranging from 5 to 100 ppmv. The OSHA 
ceiling or Maximum Permissible Exposure Limit (PEL) is 20 ppmv. The TLV value 
of 10 ppmv is for workers working a 40-hour week exposed at the plant. 
For residents of the surrounding area, who may be exposed for up to 
24 hours per day, 7 days per week, it is therefore necessary to adjust the TLV 
downward to derive an Estimated Permissible Concentration (EPC). This can 
then be compared with the estimated project emission maximum ground-level 
concentrations (GLCs) to assess health impacts. Two adjustment factors are 
used to establish the EPC (Dourson and Stara, 1983): 
o To adjust to a 24-hour day, 7-day week, the TLV value is 
divided by 4.2 (168 hours/40 hours). 
o To account for sensitive subgroups within the population 
(children, older people, and individuals with respiratory or 
other illnesses), the TLV value is divided by 10. 
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H2S 
Concentration<a) 
(ppmv) 
0.00047-0.0045 
0.007-0.03 
0.03 
0.04-0.13 
0.12 
0.30 
1. 0-10 
4.6 
10 
10-50 
20-30 
70- 150 
200- 300 
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Table 9-1 
HUMAN HEALTH EFFECTS OF HYDROGEN SULFIDE 
Health Effects 
Odor threshold 
Slight odor 
California ambient air quality standard for 1-hour 
average concentration based on the odor threshold 
Clear definite odor 
Central nervous system effects after a 1-hour average 
ambient exposure to this concentration 
Increased incidence of nausea, insomnia, shortness of 
breath, and headaches after chronic exposure . 
Incidence of decreased corneal reflex after chronic 
exposure 
Readily apparent, offensive odor 
Threshold limit value for 8-hour exposure at the work 
place 
Threshold for irritative action after prolonged 
exposure: eye irritation such as conjunctivitis and, 
at the higher concentrations, dry throat. Fatigue, 
loss of appetite, and insomnia after chronic exposure 
Very strong but not intolerable odor 
Eye irritation such as conjunctivitis, keratitis, and 
photophobia after several hours of exposure. 
Threshold for olfactory paralysis occurring within 
minutes 
Serious local irritation to eyes and respiratory tract 
caused upon inhalation for one hour, with possible 
subsequent pulmonary edema. This is the maximum 
concentration that can be inhaled for 1 hour without 
serious consequences. 
9- 3 
H2S 
Concenlration<a) 
<w~> 
400- 700 
700-1,500 
1,800 and over 
Table 9-1 (Cont'd) 
Health Effects 
Threshold for acute exposure with systemic reaction 
and possible death from prolonged exposure. 
Irritative effects are severe with possible pulmonary 
edema. Concentration is dangerous after exposure for 
more than 1 hour<b) 
Death occurs within 15-30 minutes of exposure(b) 
Immediate respiratory paralysis(b) 
(a) Most concentrations cited are approximate due to the lack of precise 
data, the fact that most studies of H2S are not recent, and lack of 
value agreement in the literature. 
(b) This information is partially based on studies of dogs, which 
demonstrate a sensitivity to H2s similar to that in man. 
Source: Walton & Sinwons, 1978 
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Therefore, the total adjustment factor is 42, and the EPC for the 
residents of lhe surrounding area during production is 0 . 24 ppmv per 8-hour 
period. This EPC value is a continuous value averaged over each 8-hour time 
period, based on the ACGIH TLV. Use of these adjustment factors results in a 
conservative EPC estimate. Well blowout and rupture disk situations without 
mitigation measures should be considered an accidental, unanticipated event. 
Even though H2s reduction systems will be in place, the emissions estimates 
presented below assume that they are nonfunctional. It is assumed that such 
an event would be contained in 1 to 2 days. Therefore, the TLV value 
indicated above, without adjustment factors included, is the appropriate EPC 
value for a well blowout event. The appropriate EPC values for the various 
events, as well as background H2s levels, are presented in Table 9-2. 
Various states have established ambient air quality standards. California 
and Nevada both have significant geothermal development . The ambient 
standards for these two states are as follows: 
California 
Nevada 
0.03 ppmv for 1-hour averaging time 
0.24 ppmv for 8-hour averaging time 
There are no federal air or emission standards for H2s . 
Background H2s levels have been measured in the site area. Table 9-3 
presents the average and maximum recorded values of H2s measured at the 
Woods Station near the site during 1981- 1986. 
The following questions addressing public health concerns related to the 
project need to be answered: 
o What are the exposure levels that may result from the PGV 
project? 
o What is the public health risk of this exposure to H2S? 
To answer these questions, emissions criteria were calculat ed for the 
project. This information is summarized in Table 9- 4 (see also Section 6, 
Table 6- 9) . Various scenarios have been cons idered. Norma l operating 
conditions were addressed as well as potential emissions resulting from steam 
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Table 9-2 
ESTIMATED PERMISSIBLE CONCENTRATION VALUES FOR H2S 
Background 
Production 
Other 
Steam stacking 
Well blowout 
Rupture disk event 
H2S Concentration Value 
(a) 0 . 001-0.048 ppmv 
0.24 ppmv/8 hr 
10 ppmv/8 hr(b) 
10 ppmv/8 hr 
10 ppmv/8 hr 
(a) See Table 9-4 
(b) American Conference of Government Industrial Hygienist (1980) 
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Table 9-3 
AMBIENT H2S CONCENTRATIONS IN THE 
PGV PROJECT VICINITY (WOODS STATION) 
1981 
1982 
1983 
1984 
1985 
1986 
(through 
Ambient H2s Concentration (ppmv) 
Average Maximum 
0.0026 0 . 013 
0.0019 0 . 007 
0 . 0010 0 . 004 
0 . 0016 0 . 013 
0.0018 0 . 009 
0 . 0024 0.015 
August) 
9- 6 
• 
• 
• 
• 
• 
• 
Source 
Background 
Normal 
operation 
Steam 
stacking 
Well blowout 
Rupture disk 
event 
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Table 9-4 
ANTICIPATED H2S PROJECT EMISSIONS 
Emissions 
430,000 lb/hr of steam 
at 1,300 ppm H2S with 
98~ removal and flow 
rate reduced to 65~ 
plant normal capacity 
150,000 lb/hr of steam 
at 1,300 ppmv H2S 
with no H2s removal 
143,000 lb/hr of steam 
at 1,300 ppm H2s 
and flow rate reduced 
to 65~ well normal 
capacity 
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Maximum Ground Level 
Concentration 
0.048 ppmv 
0.008 ppmv (11.2 ~g/m3) at 1 km north 
of the plant 
0.018 ppmv (25 ~g/m3) beyond 
500 m from plant 
0.49 ppmv (680 ~g/m3) beyond 
500 m from well 
0 . 30 ppmv (421 ~g/m3) 
stacking (venting through muffler with abatement), rupture disk event, and 
well blowout (well failure resulting in uncontrolled release). 
The impacts of H2s exposure at the site, as derived from these 
scenarios, are as follows: 
o Under normal operating conditions, the anticipated H2s GLC 
from the project will be 0.008 ppmv at 1 km north of the 
plant. This is two orders of magnitude smaller than the EPC 
of 0.24 ppmv. Therefore, minimum exposure to H2S is 
expected during normal operation. At 2,000 ft (600 m) 
southeast of the approximate distance from the plant to the 
nearest residence, assuming worst case weather conditions, 
the maximum H2S GLC will be 0.007 ppmv (10pg/m3). At 
3.5 km, H2s levels will have decreased to 0.0026 ppmv (3.7pg/m3) and continue to decrease beyond that point. 
o Under the worst case scenario for a well blowout, H2s 
concentrations will reach detectable limits within 500 
meters of the well (point of maximum GLC) and may cause 
short-term eye irritation and odor problems but will not 
reach levels that will cause serious injury or risk to life. 
Production release of H2s at the site is significantly below 
ACGIH-recommended levels. Therefore, there should be minimal occupational 
health risk from exposure to H2s under routine working conditions. This 
conclusion is supported by information generated for the Pacific Gas and 
Electric Company's Geysers facilities in Northern California. During a 3-year 
study, workers were exposed to levels of H2s typically al concentrations of 
1 ppm or less. Comprehensive physical examinations and laboratory studies 
were condu~ted at the end of each of the 3 years. No ill effects or chronic 
effects were observed from exposure to the H2s or other components of 
geothermal emissions, such as arsenic. 
Exposure to Arsenic and Its Compounds 
Arsenic occurs naturally in most geothermal steam resources. Preliminary 
analysis of the steam condensate from Hawaii's resources reveals that 
concentrations of arsenic were not measured above the detection limits of the 
analytical methods of .01 to .5 ppm. These low levels of arsenic are below 
the action level as defined by OSHA, which is a concentration of inorganic 
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arsenic in the air of 5 ~g/m averaged over an 8-hour period. Preliminary 
evidence from the PG&E Geysers project suggests there may be an exposure risk 
for plant maintenance workers under some maintenance conditions, such as 
removal of scaling from pipes, turbine blades, condensers, cooling towers, 
etc. Inorganic arsenic is a suspected human carcinogen and also produces a 
skin dermatitis. Arsenic exposure is regulated by both OSHA and the Hawaiian 
Department of Occupational Safety and Health (DOSH), which has established 
3 10 ~g/m as the PEL. Prediction of the arsenic occupational exposure is 
not possible with the information available and the many variables involved. 
The more constructive approach is to monitor the arsenic levels and lake 
appropriate mitigation measures when necessary to protect the plant workers. 
3 If the occupational exposure exceeds 5 ~g/m , the action level, then the 
federal requirements of 29 CFR (Code of Federal Regulations) 1910.1018 and 
Hawaiian DOSH standards (Title 12, Subchapter 8) are applicable. These 
requirements include establishment of a medical surveillance program, 
personnel monitoring, change rooms, showers, and provision of personal 
protection equipment . 
Normal Risks Associated with Working at an Industrial Facility 
Construction . As with any major construction project, certain health and 
safety risks are associated with the operation of heavy equipment, power 
tools, drilling operations, noise, traffic, and hazardous material handling. 
Occupational hazards specific to the development of geothermal resources 
include the potential exposure to air contaminants, noise, heat stress, 
hazardous materials and wastes, drilling, and exposure to potentially 
hazardous contaminants found in the geothermal resources. 
During the peak of construction, about 100 people will be on site, 
increasing the traffic load on Pohoiki Road to approximately 70 additional 
round trips pe r day. 
Operation. Operation of the facility will entail health and safety risks 
associated with the potential exposure to high voltages of electricity, 
transportation to the facility, Lransport ati on ·of hazardous chemicals, 
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potential for high-pressure line rupture, and exposure to various levels of 
H2s, as well as exposure to geothermal liquids and heat stress. In 
addition, there are certain health and safety risks associated with upset 
operating conditions such as free well venting or blowouts. 
Experience at PG&E's Geysers project indicates that there can be an 
occupational skin irritation (to workers only) resulting from exposure to 
foams that occur around plant piping under some conditions. The skin 
irritation is thought to be the result of the combination of high temperature, 
humidity, and sulfur dust associated with the older Stretford abatement 
units. This type of skin irritation problem is not anticipated at the PGV 
Facility because Stretford abatement units will not be used and OSHA 
procedures will be strictly enforced. 
Potential impacts from well venting and accidental releases include 
exposure to noise, unabated levels of H2s, and high-temperature steam. 
Unplanned well venting may produce noise levels as high as 125 dBA at roughly 
50 feet (Anspaugh, 1979). This level of noise is equivalent to that 
experienced by an observer of a jet airplane taking off at a distance of 
200 feet. During a well blowout, noise levels will be similar to free well 
venting. The duration of noise and the uncontrolled release of H2s and 
other geothermal fluids would last until the well is brought back under 
control. Because the olfactory threshold for H2S can be as low as 
0.00047 ppmv, the free release of significant quantities of geothermal steam 
over an extended period of time with H2s concentration of 1,300 ppm could 
create a public annoyance. However, this is not expected under normal 
operating conditions. 
On October 2, 1982, a free venting incident occurred at the Puna field. A 
valve on a well was damaged by an act of sabotage, resulting in an 
uncontrolled release of steam. Hydrogen sulfide emissions resulting from the 
free venting did not create any significant health impact. It took 
approximately 1.5 days before the well was capped. No injuries or serious 
health effects occurred as a result of this incident. 
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Durin~ operation, 19 employees (three shifts) will be required for the 
operation and maintenance of the facility, increasin~ the traffic load to 
approximately 15 round trips per day. This is an insi~nificant increase in 
traffic. 
Storage and Handling of Hazardous Chemicals 
The project proposes to store and use various hazardous chemicals such as 
NaOH in the treatment to reduce the exposure to H2s . Transportin~, storage, 
handling, and use of these compounds can create several potential health 
impacts resulting from accidental exposure. These impacts include worker 
exposure, which can result in severe burns or skin irritation; spills; and 
accidents occurring during the transportation of these compounds to the 
facility. Federal and state hazardous material regulations governing 
t ransportation, handlin~. storage, application, and use will be followed to 
minimize potential impacts. 
9.2 PROPOSED MITIGATION MEASURES 
Hydrogen Sulfide 
Normal operating conditions and procedures include the collection of 
excess blowdown, which is injected into nonpotable aquifers, and removal from 
geothermal fluids of H2s, which is also injected. This disposal procedure 
will greatly reduce the potential for exposure to H2s at the facility. 
H2s is heavier than air and will displace air in confined spaces. 
Therefore, one must always be concerned about the presence of the gas in 
confined spaces. Concentrations in such spaces may reach levels much higher 
than the level of release from the plant during normal operations, and 
detection alarms and other safety devices may not be present. To avoid any 
potential problem or accident associated with entrance into confined spaces, 
all employees entering such places will be required to wear protective 
personal equipment until appropriate ventilation or air exchange has been 
accomplished. Spot test units will be available, and monitors and emergency 
air units will be located in strategic places. Also, work crews will include 
backup personnel to observe workers in risk areas. Finally, safety courses 
will be provided, and signs indicating high risk areas will be posted. 
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Exposure to Arsenic 
Prior to construction and startup, a baseline monitoring program for 
arsenic will be established to determine the occupational exposures and to 
determine if the "action level" is exceeded. Monitoring of arsenic 
concentrations will continue during operation. 
Construction and Operation 
Construction and operation impacts will be mitigated through development 
of a Comprehensive Safety Program designed to protect the health and welfare 
of the workers. This program will incorporate the regulatory requirements of 
OSHA regulations (Title 29 of CFR, Section 1910) and the Hawaiian DOSH 
requirements (Title 12, Subchapter 8 of the Department of Labor and Industry), 
as they pertain to the construction and operation of a geothermal power 
facility and any other state and local health protection regulations. In 
addition, applicable Department of Transportation (DOT) regulations (Title 49 
CFR, Sections 171-178) will be incorporated into the procedures for delivery 
of any hazardous materials used on site. During well drilling, monitoring for 
a2s will be in place. Workers handling hazardous materials will be 
protected by personal protection equipment (e.g., gloves, suits, eye 
protection). 
A landing pad for helicopters will be available at the project site for 
emergency use during construction and operation in case a worker is injured 
and needs rapid transportation to the hospital at Hilo. 
During rupture disk events and blowout conditions, higher concentrations 
of a2s may be present on and off site. The following mitigation measures 
will be placed in effect to protect worker health and safety and reduce 
possible releases: 
o Use of blowout preventers on all wells to automatically 
choke off the flow of fluids from the well 
o Minimization of free steam venting 
o Selection of optimal weather conditions for well venting 
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0 Use of conservative design and construction of near- surface 
well casing 
o Conservative design of above- ground p1p1ng systems, with 
automatic controls to reduce the likelihood of a rupture 
disc event 
During normal operations noncondensable gas and cooling tower blowdown are 
produced; both contain H2s. A steam release facility equipped with a rock 
muffler and H2s abatement system will be used during those periods when the 
normal abatement system cannot be used. All produced cooling tower blowdown 
will be injected into deep aquifers. 
Hazardous Materials 
Applicable federal OSHA and DOT regulations and Hawaiian DOSH regulations 
will be incorporated into the procedures and standard policies of the 
facility. Only employees trained in the proper handling and use of hazardous 
materials will be allowed to work in hazardous material areas. All employees 
will be informed of the hazards of each compound and the appropriate emergency 
procedures in the event of an accidental contamination. Personal protective 
equipment, spill cleanup equipment, and emergency first aid stations (e.g . , 
emergency eyewashes and showers) will be strategically located throughout the 
plant. 
Potential problems arising from the transportation of hazardous materials 
will be mitigated through several measures. These measures include compliance 
with applicable federal OSHA and DOT regulations and Hawaiian DOSH 
regulations, selection of transportation routes, and scheduling transportation 
activities that minimize the effects on the local population . 
In add i tion, secondary containment structures such as dikes or berms will 
be constructed around the NaOH storage tanks. These tanks will be segregated 
by distance from any incompatible material. Periodic inspection of these 
tanks will be performed to determine any potential problems . 
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The project will utilize three emergency preparedness plans; one for well 
drilling and testlng, which has already been issued and is in effect; one for 
construction; and one for operation . Atlached, as Table 9- 5, is an outline to 
be used for the latter lwo plans. Each will be issued prior to lhe time they 
are needed. These plans will provide a comprehenslve explanation of 
prevention and emergency response measures. 
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Table 9-5 
PRELIMINARY EMERGENCY P OUTLINE 
Section 
1. Introduction 
2. Facility Description and Operation 
3. Outside Emergency Services 
4. Emergency Response Measures 
4.1 Onsite Emergency Responsibilities 
4.2 Onsile Equipment and Systems 
4.3 Hazard Assessment 
4.4 Offsite Authority Notification 
4.5 Control Measures 
4.5.1 Chemical Spills 
4.5.2 H2s Hazardous Conditions 
4.5.3 Well Blowout 
4.5.4 Equipment Failure and Pipe 
Rupture 
4.5.5 Fire 
4.5.6 Contaminated Soil, Water, 
Other Materials 
4.5.7 Other Emergencies 
4.6 Natural Hazards 
4.6.1 Lava Flow 
4.6.2 Earthquake 
4.6.3 Hurricane 
4.7 Medical Emergencies 
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Comments 
Define purpose (for agencies) and 
scope. 
Identify hazardous substances and 
general location. Include site 
plan drawing with locations 
identified. 
Describe coordination agreements, 
services available. 
Define emergency, selection of 
control measures, when to 
evacuate, when to notify outside 
services and agencies, etc . 
Define proper authorities to 
contact and notification 
requirements. 
Identify general steps to be 
followed. 
Define control measures for 
equipment failure, such as 
mechanical and electrical, and 
pipe rupture, which includes 
steam, brine, noncondensable gas. 
Identify general response measures. 
Table 9-5 (Cont'd) 
Section 
5. Evacuation Plan 
6 . Media Notification 
7. Personnel Training 
8. Post Emergency Reporting and 
Record-Keeping 
AR:6871d 9- 16 
Conunents 
Define procedures for emergency 
evacuation for lava flow, 
hurricane, etc. 
Address all requirements by 
agencies. 
• 
• 
• 
• 
• 
• 
Section 10 
Aesthetics 
• 
• 
• 
Section 10 
AESTHETICS 
10.1 ENVIRONMENTAL SETTING 
Regional Visual Setting 
The aesthetic character of the region is defined by topographic features 
and by natural and agricultural vegetation. Because of the area's relatively 
high rainfall (100 to 140 in./yr), the overall impression is of lush growth, 
though the most recent lava flows, shown in Figure 3-1, are black and barren, 
contrasting dramatically with the predominant green vegetation. 
The region, shown in Figure 4-1, is located on the southeastern corner of 
the island of Hawaii. Because the land slopes gently (generally less than 
5 percent) to the Pacific Ocean in three directions, the sea may be viewed 
from several vantage points. To the west, the land can be seen rising to the 
summit of Kilauea Volcano. Along an east-west strip between Kilauea caldera 
and Cape Kumukahi, there is a string of volcanic craters and hills. In 
addition to the interesting topographic variations of these features, there is 
a steeper (10 to 20 percent) slope all along the rift zone. 
The two most dominant volcanic hills (Pu'u) within the region shown in 
Figure 3-1 are Pu'u Kaliu and Pu'u Honua'ula. The latter, which is within the 
PGV project area, is slightly smaller and lower than the former. Both are 
dwarfed by the dramatic Kapoho Crater, approximately 3 miles to the east of 
the proposed power plant site, as shown in Figure 4-1, and the new cone from 
Pu'u O'o about 6 miles northwest of the site and outside the area of 
Figure 4-1. 
The most dramatic extensive views in the region are those in which either 
these volcanic formations or the Pacific Ocean can be seen. Because of the 
rainy weather and the amount of tree cover, such extensive views are limited, 
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especially for travelers along the region 1 s main highways (Kea 1 au-Pahoa 
Road/Route 130, Pahoa-Kalapana Road/Route 130, Pahoa-Kapoho Road/Route 132, 
Kalapana-Kapoho Coastal Road/Route 137, and Pahoa-Pohoiki Road). As one 
drives along these major roads, one sees an area with a clearly rural visual 
character. 
The basic land cover types encountered are low scrub, forest, and 
agricultural plantings. Where the roads pass through scrub vegetation, the 
bushes and grasses are low, so the views are usually wide-angle or panoramic. 
In areas with forest cover, the view is generally restricted to the road 
corridor. The effect is visually pleasing, especially along the portion of 
Route 132 that traverses a section of the Nanawale Forest Reserve. Large 
canopy trees overarch the road to create a shady tunnel. Other tree-lined 
portions generally have more vertical species (largely ohia) that do not 
overarch the roadways. 
The most significant agricultural crop cover is papaya. Large fields 
northeast and southwest of Pahoa were formerly used primarily for sugarcane. 
These are reverting to scrub now that the Puna Sugar Company has ceased 
operation. 
Pahoa and the surrounding area are rural, with older structures and 
landscaping. Public opinion surveys (SMS Research, Inc., 1982a) indicate that 
local residents find agricultural technology to be familiar and, therefore, 
generally acceptable. Hence, they typically find even the newer, larger 
structures at the north end of the town to be unobtrusive because of their 
clearly agricultural function. 
Except for Pahoa and a few scattered houses, the only major 
nonagricultural structure visible along the major roads is the HGP-A 
facility. HGP-A is located on a barren lava flow at a bend in the road where 
motorists have an unobstructed view of the facility. No landscaping or solid 
fencing screens the industrial structures and equipment. The existing well 
sites on the PGV land are fairly unobtrusive because of the distance f rom the 
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road, the small structures, and the lack of operational activities. 
Similarly, a drilling rig laid down and stored to the south of the PGV project 
area (at the Lanipuna No. 6 well site) is not visible from the main roads. 
The view from roads and lots within subdivisions depends on the amount of 
development at specific locations and, in undeveloped areas, whether the 
natural vegetation is low scrub or forest. Generally, existing views from 
lots and roads within the Leilani Estates, Nanawale Estates, and Nanawale 
Farm-Ranch Land subdivision are limited by topography and/or the presence of 
natural vegetation. 
Visual Setting Around the Site 
The most dramatic visual features around the geothermal development site 
are the volcanic Pu'u and craters. Pu'u Honua'ula and the unnamed Pu'u just 
to the west of it are the visual focus of the project area, shown in 
Figure 10-1, for several reasons. First, all of tbe land immediately around 
their bases has been cleared of natural vegetation, and papayas have been 
planted in some areas. The contrast between the cultivated orchards and the 
natural vegetation on the steep sides of the conical hills makes the orchards 
stand out. Pu'u Honua'ula, which rises about 150 feet above the surrounding 
land (to an elevation of 850 feet), is the tallest volcanic feature in the 
immediate vicinity of the site. About 60 acres in. the southwest corner of the 
PGV project area are covered by a 1955 lava flow. This area includes two 
substantial mounds of nearly barren lava (about 50 feet high) near the Pahoa-
Pohoiki Road. 
Kahuwai Crater, Pu'ulena Crater, and Pawai Crater, located about 1 mile 
southwest of Pu'u Honua'ula, are impressive depressions several hundred feet 
deep, but these features are not visible except from the craters' edges. 
While the topography rises slightly to the rims of the craters, their forms 
are largely masked by the heavy vegetation around them. 
Within the PGV project area there is one major stand of trees, and much 
forested land is nearby (see Figures 3-3 and 7-1). Approximately 1 mile 
northeast of the proposed power plant site is Lava Tree State Park, which is 
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both an aesthetic and geological resource of the area. Lava molds of trees 
stand among ohia trees and fern growth, forming an attractive and interesting 
environment. The north sides of Pu'u Honua'ula and neighboring Pu'u are 
visible from the southeastern corner of the park. However, the mass of these 
cinder cones lies between the park and the power plant site. A more detailed 
discussion of the vegetation around the proposed plant site is provided in 
Section 7. 
10.2 ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION 
Geothermal facilities have already been developed on and near the PGV 
project area, as shown in Figure 3-2. A pl an view of PGV's proposed 
geothermal facilities is shown in Figure 2-2. The visible construction 
activities of the proposed PGV project, as well as the industrial structures 
and facilities themselves, will tend to be an intrusive element in a largely 
rural scene. Attention of travelers through the area may focus on these 
visual changes, which include removal of vegetation, change of landform by 
grading, installation of new structures, and occasional steam plumes from 
testing wells. 
During the initial construction phase, grading for the power plant will 
start. A new production wellpad and the injection wellpad will also be 
instaJ.led during this initial phase. It is currently anticipated that during 
the life of the plant two additional wellpads will be constructed, as needed. 
An obvious visual change will occur when small rectangular areas of land 
and the corridors between them for the steam pipes are cleared of green 
vegetation, exposing the dark basalt and soil underneath. Of a total of 12 
acres required for the project, 2 acres do not need to be cleared because they 
are located on barren, black lava flow; 7 acres have already been cleared; and 
3 acres of inactive papaya orchard remain to be cleared. 
Large areas in the region are periodically cleared for agricultural 
operations, and the clearings required f or thi s project are much smaller than 
typical agricultural pl ots, being more comparable to house lot clearings in 
the surrounding subdivisions. The most substantial grading will be for the 
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power plant pad and wellpads. The cut-and-fill slopes there will appear 
angular and engineered, contrasting in color and shape with the surrounding, 
smoothly contoured, vegetated slopes. Approximately 2 of the 12 acres have 
already been graded, leaving about 10 more to be graded. 
Fences will be erected around all wellpads and the power plant pad. 
Concrete and metal structures will tend to be visible because of their 
contrast in color, form, height, and texture with their surroundings. 
The tallest piece of construction equipment will be a large drill rig, 
which is about 150 feet high. This rig will be used for drilling production 
and liquid injection wells. It takes approximately 60 days to drill each of 
these wells. A smaller rig, about 30 feet high, will be used for the 
shallower gas injection and monitoring wells. Initially, four new deep wells 
are needed; hence, the large rig will be on the PGV project area for 
approximately 8 months. The large rig \-Till return the following year for 
about 6 months to drill the three additional deep wells. 
Periodically, the rig will return to the site to drill makeup wells and 
for remedial or maintenance work. High-level lighting will be required at 
night during drilling for this round-the-clock operation. Shielding 
requirements and intensity levels are set by county and state regulations and 
permit conditions. 
Most of the major structural installations will be at the power plant site 
on the south side of Pu'u Honua'ula. The plan and elevations drawings of 
these facilities are presented in Section 2.4. The expected dimensions, 
construction materials, and color are listed in Table 10-1. Design decisions, 
however, have not been finalized. None of thesP structures will project above 
the Pu'u Honua'ula skyline when seen from adjacent properties. 
Production wellpads will be designed to accommodate up to four wells per 
wellpad. The injection wellpad will be designed to accommodate up to three 
injection wells. Initially, each wellpad will have one or two wells. All of 
these new structures and equipment will be most visible during the initial 
construction period, before landscaping is installed. 
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Table 10-1 
VISUAL FEATURES OF POWER PLANT FACILITIES 
Dimension (ft) 
Faciliti Plan View Heisht Outer Material Available Colors 
Turbine building 143 X 73 32.5 Corrugated aluminum siding Not fixed 
Cooling tower 
Basin 150 X 52 5 Reinforced concrete Gray 
Main section 150 X 73 30 to 50 Fiberglass-reinforced plastic Gray, beige, light green 
Stacks 314 sq ft circles 8 to 15 addit. Fiberglass-reinforced plastic Gray, beige 
H2S abatement system 80 X 85 Various metals 
Switchyard 122 X 122 Steel structures and wires Gray/silver 
~ 
0 
cb Transformers 10 X 8 Steel 
Silica scrubbers 33 sq ft circles 15 Carbon steel 
Wellheads 
Particle separators 9 X 2 2 Carbon steel 
Moisture separators 1 sq ft circle 17 Carbon steel 
Condensate storage 154 sq ft circle Stainless steel Silver 
Rock muffler 10 X 16 16 Reinforced concrete Gray 
NaOH storage tank 616 sq ft circle 8.4 Concrete dike Gray 
Fencing 7 Chain link topped w/barbwire Gray, green 
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Construction of the geothermal facilities will also involve installation 
of a gathering and injection system. The major pipelines, between the 
wellpads and the power plant, range in diameter from 18 to 24 inches. These 
steam collection pipes run above ground and are usually raised no more than 
5 feet above the ground, except where they cross roadways. At such crossings 
they may be routed in a door-frame shape as high as 17 feet. These pipes will 
be constructed of carbon steel and covered with aluminum, which will be 
painted to blend into the surroundings. 
Until operation of the power plant starts, small plumes will be produced 
occasionally by the wells during short testing periods. The visibility of a 
plume will depend on weather conditions and viewing position. Viewed from 
below against a cloudy sky, it will not be very noticeable. Viewed from a 
high vantage point against vegetation or earth, or viewed against blue sky, it 
will be more apparent. However, the tradewinds are fairly constant and will 
disperse the plumes • 
The last stage of construction at each of the wellpads or the power plant 
pad will be the installation of landscaping. State regulation (Hawaii State 
Department of Land and Natural Resources, 1981, Section 13-183-87d) requires 
the following of geothermal facilities: "Facilities will blend into the 
natural environmental setting of the area by the appropriate use of 
landscaping, vegetation, compatible color schemes, and minimum profiles. 
Native plants or other compatible vegetation shall be used, where possible, 
for landscaping." 
Three categories of construction activity viewing points were assessed: 
o The public road network in the area of the site (the 
project's visibility from any section of it will affect many 
travelers) 
o Residences and potential home sites on lots in the area (the 
number affected may be very small, but the impact could be 
long term) 
o Publ i c places, whi ch are s ensitive to changes in their views 
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Figure 10-1 is a topographic map of the proposed geothermal facilities 
site and its surrounding area. Eight numbered locations are shown on this 
map. Figures 10-2 through 10-9 show what a standing observer, looking towards 
the geothermal site, will see from each of these locations. 
The views from the two highways bordering the PGV-leased land were studied 
first. Most of the western boundary of this leased land along the 
Pahoa-Pohoiki Road is lined with hedges. These are generally high enough to 
confine views to the east from most passenger cars, except where a few breaks 
in the vegetation allow glimpses of Pu'u Honua'ula and neighboring pu'u. 
Travelers in buses and trucks may be able to see continuously the two pu'u 
over the hedges. However, along this same stretch there is little or no view 
of the power plant site because of the vegetation and the pu'u west of the 
site. Figure 10-2 shows the line of sight of an observer standing at location 
1 (see Figure 10-1) and looking towards the plant. A hedge with an average 
height of 10 feet obstructs the observer's view at this location. Travelers 
in buses and trucks will be able to see the entire cooling tower as they pass 
• 
this point. • 
Because of its height, the drilling rig will probably be visible from the 
nearby roads wherever the vegetation does not totally confine views to the 
roadway corridor. Just to the north and south of the project site, there are 
thicker stands of tall canopy trees that effectively block views to the east. 
Further south, towards the HGF-A site, the stands of trees thin out, but 
some landscaping has been done around the HGP-A visitor center. It is 
possible to catch a glimpse of the power plant site beyond the HGF-A complex, 
but the HGP-A facilities adjacent to the road will be more dominant than those 
on the hillside 1/2 mile away. From HGP-A south to where the road turns 
eastward, there are breaks in the stands of ohia trees and the roadside 
embankment from which views of the pad locations are possible. Moreover, as 
houses are built on these already subdivided lots, trees may be removed. 
After the road turns eastward, there is an almost unbroken line of trees along 
the road where glimpses of the proposed PGV facilities (at a distance of about 
4,000 feet) are possible between the tree trunks. After the road bends to the 
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south again, the facilities on the PGV site will no longer be visible from 
this highway because of the woodland on each side of the road. 
Along the Highway 132 boundary of the PGV project area, there is very 
little vegetation that blocks views to the south. Hence, construction 
activities on the wellpads will be visible from the highway. However, once 
installed the facilities at the wellpads will not be very noticeable. 
Assuming landscaping on the outside of the fences around the pads, the only 
pieces of equipment that will project above the fences are moisture 
separators, which are 17 feet tall but only 30 inches in diameter. Because 
all the wellpads are at least 2,000 feet from Highway 132, the separators will 
be barely visible. For the most part, the structures and construction 
activities at the power plant site will be hidden from the view of travelers 
along Highway 132 by Pu'u Honua'ula. When wells are being drilled at 
Wellpads C and D, the drilling rig will be visible. 
Figure 10-3 shows the line of sight of an observer standing at location 2 
on Highway 132 (see Figure 10-1) and looking between Pu'u Honua'ula and its 
neighboring pu'u, towards the geothermal site. This observer will see the 
upper third of the power plant cooling tower. A new road will be built from 
Highway 132 at location 2 to the geothermal facility. A temporary 5-acre 
construction yard will be provided next to this new road and will be visible 
from location 2. 
Location 3 is also on Highway 132, east of location 2. From this point, 
Pu'u Honua'ula blocks the view of the geothermal site. Figure 10-4 shows the 
line of sight of an observer standing at location 3. Wellpads C and D will be 
visihle from this location. 
Views of the PGV site from roads in the Leilani Estates subdivision are 
now blocked by forest. Location 4 is at the highest elevation on Kahukai 
Street. From this location, an observer's view of the plant site is blocked 
by trees. Figure 10-5 shows the positions of the observer, trees, and cooling 
tower. Location 5 is another high point in Leilani Estates. Trees obstruct 
an observer's view of the plant from this location. The positions of the 
observer, trees, and cooling tower are shown in Figure 10-6. 
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If a large number of the lots at the eastern end of the subdivision are 
cleared and developed, the PGV site may become visible. However, with tens of 
thousands of undeveloped lots in the Puna District and the present slow rate 
of development (fewer than 200 lots in the 2,266-lot Leilani Estates 
subdivision have been developed for residential use since 1960, when the 
subdivision received final plan approval), it is unlikely that views of the 
PGV site will open up before construction of the major facilities is completed 
and landscaping is installed. Long-term visual impacts on both subdivision 
roads and future residences are discussed later in this section. 
Since it is a through street between the Pahoa-Pohoiki Road and Highway 
130, . Leilani Avenue carries traffic beyond the requirements of the subdivision 
resident population. From Leilani Avenue at Mahala Street, Pu'u Honua'ula 
lies directly in the view of east-bound travelers for approximately 
3,000 feet, though there is a dip from which the view is blocked. At the 
usual speeds, the view of the power plant pad will be very brief. The scenery 
is not totally rural and natural; presently, travelers see the cut in Pu'u 
• Honua 'ula for the Wellpad B and the roof and steam plume from the HGP-A 
facility. Construction equipment and activities on the power plant pad will 
make the scene for travelers on this road somewhat more industrial during 
• 
PGV project construction. Once landscape is established around the fences, 
the view may be considerably improved, as the excavation cut on Pu'u Honua'ula 
will be hidden. Figure 10-7 shows that, from location 6 on Leilani Avenue, an 
observer's view of the plant site is partially obscured by trees. Figure 10-8 
shows a photomontage of the view from the crest of Leilani Avenue, before 
landscaping is put in. 
Two short segments of Hinalo Street, which traverses a lava flow with only 
a short grass cover, have wide-angle views that include most of the wellpads 
and power plant pad. Construction activities such as clearing and grading and 
erection of structures and equipment will be visible for a few seconds at 
25 mph. Currently, only a few subdivision residents use this dead-end 
street. Landscaping will be installed around the pads before this subdivision 
road is more heavily traveled. Location 7 is on Hinalo Street in the area 
descrihed above. Figure 10-9 shows that an observer standing at this location 
will get a clear view of the geothermal site and the top 30 feet of the power 
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plant cooling tower. The turbine building is completely blocked from view by 
the cooling tower. 
Currently, a few residences may have views of the proposed sites for the 
well and power plant pads. Those closest to the site include one house about 
1,000 feet southeast of the injection wellpad, which has a view of the plant 
site from the rear of the house. Vegetation and topography will shield views 
of the project from other houses in the vicinity. Papaya farmers will be able 
to see the construction activities clearly whenever they are working in the 
orchards to the south of Pu'u Honua'ula. 
Almost all of the undeveloped lots are densely forested so that a 
vegetation screen can be left when they are developed. About four lots 
bordering the PGV project area in the Lanipuna Gardens subdivision are on a 
recent lava flow. These lots are about 2,000 feet from the base of Pu'u 
Honua'ula and have an expansive view of the PGV site. Given the supply of 
lots and their development rate in Puna, development of these lots is not 
likely until after the geothermal facilities are constructed and landscaped. 
Because maintenance of their scenjc quality is critical, any potential 
impacts the project may have on the views from public places, especially 
parks, were also assessed. From the shoreline areas, about 3.5 miles away, 
Pu'u Honua'ula is visible where there is no high vegetation in the near 
foreground. However, at that distance, construction activities will not be 
very noticeable, except for the lights used during well drilling. These will 
be visible because of the height of the drilling rig and the night lighting 
needed for drilling . Location 8 is along Route 137 between Kapoho Crater and 
Pohoiki, near the ocean. Although an observer can see the entire cooling 
tower from location 8, as shown in Figure 10-JO, the visual impact is greatly 
reduced by the distance. Because of the Malama-ki Forest Reserve to the 
north, Mackenzie State Park on the southern Puna coast has no view of the PGV 
project area. 
The other nearby public park of concern is the Lava Tree State Park. The 
north side of Pu'u Honua'ula and neighboring Pu'u will block views of the 
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structures on the power plant site. However, the drilling rigs on Wellpads A, 
C, and D may be visible to park visitors if they walk off the trail to the 
western boundary of the park, which borders land with only sparsely scattered 
trees. 
Because one's overall opinion of a project affects one's assessment of its 
visual impacts, an evaluation of the significance of visual changes resulting 
from project construction is necessarily subjective. The public should be 
informed that landscaping will be installed around the pads once construction 
is completed; the~fore, cleared and graded areas during construction will not 
be permanent scars, but necessary steps in the development process. 
It is the level of activity on the site, especially marked by movement of 
equipment, as much as the industrial structures and equipment that will seem 
unusual for the area because it will alter the rural ambience. In the final 
stage of construction, the pads will be landscaped to screen the structures 
from view • 
The only locations from which the PGV facilities will be a significant 
visual element are the eastern 3,000 feet of Leilani Avenue and the four house 
lots in the Lanipuna subdivision. Even at these locations, for travelers 
along the Pahoa-Pohoiki Road the facilities will be far less dominant than the 
HGP-A plant. Despite the limited scale relative to the overall scene, the 
location on a hill, the contrast with surrounding vegetation, and, most 
importantly, the fact that the structures are situated in a community where 
geothermal development has been controversial, the geothermal facilities will 
attract more attention during construction than larger scale agricultural 
clearing or subdivisions. 
Once construction is completed, landscaping will be installed around the 
perimeter of the wellpad and power plant fencing. With less construction 
activity, the site will he less noticeable, and once landscaping matures, most 
of the structures will be hidden. However, steam plumes produced by operation 
of the proposed facility may be a visible indication of the facility's 
presence. Under normal operating conditions, the only steam plume will be 
from the cooling tower. The visibiljty of the cooling tower plume depends 
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upon the ambient weather conditions. The plume is not expected to be visible 
on warm days with average humidity; however, visibility increases as the 
ambient temperature declines and humidity increases. Therefore, a visible 
plume is expected on cold days with moderate to high humidity. 
On occasions when it is necessary to divert geothermal steam from the 
power plant, there will be a somewhat more dense plume from the rock muffler. 
Normally, no plumes will be visible from the wells. 
From the south of the project site, a white plume may be visible because 
of its contrast with the dark vegetation on Pu' u Hortua 'ula. Weather 
conditions will determine whether the plume will be visible from the north as 
it rises above Pu'u Honua 'ula. Against a cloudy sky it will not be very 
noticeable; against a blue sky it will be quite noticeable. On a calm day the 
plume will rise straighter and higher than on the normally windy days in 
Puna. Under the more usual weather conditions (rainy and breezy) in Puna, the 
range of visibility will be much reduced. 
As discussed in Section 2, the geothermal facility site will be restored 
to its original condition when the project is abandoned. The removal of all 
equipment and structures and the revegetation of the land will generally 
return the area to its original appearance. As the geothermal facilities are 
being dismantled, the level of activity visible on the site will be higher 
than during the normal operation period. The most visible evidence of the 
activity will be the truck traffic to and on the PGV-leased land, since the 
established landscaping around the well and power plant pads will sc~en views 
of the dismantling activities there. 
10.3 PROPOSED MITIGATION MEASURES 
To minimize the visual scars created by clearing and grading activities, 
the cut-and-fill slopes will be engineered to look rounded, so that the 
transition to the surrounding terrain looks more natural. Graded areas will 
be landscaped promptly to avoid bare, vertical cuts such as the one behind 
Wellpad ~. 
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Landscaping will be planted around the well and power plant pads, and the 
pipelines between pads will be painted to blend in with the surrounding 
natural colors. For compatibility, the use of native plants for landscaping 
is preferred. 
The mitigation of the visual impacts of night lighting during drilling 
will be specified, in terms of shielding requirements and lighting level 
limits, as conditions in the various state and county permits required for the 
project. 
About four lots in the Lanipuna Gardens subdivision have wide-angle views 
to the north of the existing and proposed pads, which include some industrial 
structures. These views can be blocked by planting a boundary of trees and 
shrubs along the PGV-leased land bordering these lots. Landscaping around the 
pads, once matured, should obscure most of the existing and future industrial 
buildings and equipment without blocking the wide-angle view that encompasses 
the visually dramatic Pu'u Honua'ula. Lot owners may prefer a vegetation 
screen at the pads (though it may not be as effective immediately) to a line 
of vegetation adjacent to their lots that entirely obstructs their view in 
that direction. 
As previously discussed, landscaping will be installed around the power 
plant and wellpads to screen the industrial structures and equipment. The 
choice of plant material will take into account which species are tall enough 
to screen the tallest structures at each pad and which species are hardy 
enough to thrive under the site's environmental conditions. 
Because it may take a few years before plants and trees grow tall enough 
to screen the structures, the colors of all structural materials will be 
selected to blenrl in with surrounding vegetation. Dark greens or grays are 
the best colors to use, depending on background vegetation. Reflective metal 
surfaces will be coated or screened with solid fencing. 
The layout of the wellpads has been designed to minimize the amount of 
land that must be cleared for additional roads. Lining the roads and the 
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pipeline routes with vegetation is an additional mitigation measure under 
cons ide ration. 
In choosing the location of the power plant and wellpads, the original 
siting study (Bechtel National, Inc., 1984) took visual concerns into 
account. The landscaping, plant sc~ens, and siting choices will effectively 
screen the geothermal facilities and structures, but the plumes of steam from 
the cooling towers and rock muffler cannot be hidden. Steam plumes tend to be 
less visible at the warm, daytime temperatures prevalent at Puna. 
No visual impacts from facility decommissioning are expected, except for 
the slightly increased activity necessary to return the land to a natural 
appearance. The landscaping installed for the project and for revegetation of 
the pads will improve the original scenic quality. 
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Section 11 
SOCIOECONOMICS 
11.1 ENVIRONMENTAL SETTING 
Population Characteristics 
The Puna District comprises two census tracts: CT 210 (Kea'au-Mountain 
View census division) and CT 211 (Pahoa-Kalapana). Within these two tracts, 
published census information is also available for three Census Defined Places 
(CDPs): Kea'au, Mountain View, and Pahoa. Pahoa is the closest settlement to 
the PGV project site. Figure 11-1 shows the location of the Puna District and 
its three CDPs. Figure 3-1 in Section 3 shows the project site location and 
nearby subdivisions. 
Regional Population. According to the 1980 census, the population of the 
• island of Hawaii was slightly in excess of 92,000 - a 45 percent increase over 
the 1970 population of 63,500. This compares to an increase of only 
• 
3.5 percent from 1960 to 1970 and a 10.3 percent decrease from 1950 to 1960, 
when many residents left the island to find better economic opportunities in 
Honolulu or on the mainland. 
The island land mass comprises 2,583,680 acres, about twice the size of 
the rest of the Hawaiian Islands combined, and a population density of about 
20 persons/mi 2, the lowest of all Hawaii's counties. About 40 percent of 
the island's current population is concentrated around Hilo, the county seat. 
During the 1970s, Hawaii Island's demographic -composition shifted in 
several important ways: 
o The proportion of population under age 18 dropped from 
36 percent in 1970 to 31 percent in 1980. 
o The average education level increased • 
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0 In-migration increased so that by 1980 one out of every four 
residents had not lived on the island 5 years previously 
(44 percent of the net population growth from 1970 to 1980 
consisted of persons born outside the state of Hawaii). 
The largest demographic change during the 1970s was the proportionate 
decline in Japanese residents and increase in (primarily) Caucasians and 
(secondarily) native Hawaiians. As of 1980, more than half of the island's 
population fell into one of the latter two ethnic groups (Table 11-1), and 
nearly eight out of every ten net additional residents from 1970 to 1980 were 
either Caucasian or Hawaiian (Table 11-2). Some of the apparent statewide 
increase in native Hawaiian population may have been due to changed U.S. 
census recording procedures for persons of mixed ancestry and/or to the 1970s 
Hawaiian cultural renaissance, which is believed to have resulted in more 
part-Hawaiian people choosing to label themselves Hawaiian in 1980 than in 
1970. 
Population increase from 1970 to 1980 was particularly marked in the 
districts of North Kona (+184.5 percent) and Puna (+128 percent). In the 
period between 1980 and 1984, according to state population estimates, Puna 
had the highest growth rate (+184.5 percent) of all districts on the island. 
Puna's estimated 1984 population of 16,530 made it the third most populous of 
the island's nine districts, surpassed only by North Kona (18,226) and South 
Hilo (44,301) (State of Hawaii, Department of Planning and Economic 
Development, 1982c). 
Puna District Population. Puna's rapid population groWth during the 1970s may 
have stemmed in large part from the abundant supply of relatively low-priced 
land for residential and/or agricultural purposes. With an area of 495 sq mi, 
Puna approaches Oahu in size. Great portions of the district were subdivided 
during the land boom of the 19 50s and 19 60s. While many of these "ghost 
subdivisions" were and still are unimproved, scattered new houses have begun 
to appear throughout the district. Virtually all of Puna's population growth 
from 1970 to 1980 was outside the three urbanized settlements of Kea'au, 
Mountain View, and Pahoa, so that the proportion of Puna's population living 
in these three CDPs fell from 44.5 percent in 1970 to 19.1 percent in 1980. 
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TOTAL POPULATION 
ETHNICITY 
· Caucasian (White) 
Ha11allan 
Filipino 
Japanese 
Chinese 
other 
AGE 
under 5 yurs 
5 to 17 yurs 
18 to 64 years 
65 and older 
PLACE Of 11ATH(b) 
Ha11all 
other U.S.A. 
foreign country 
RESIOE~CE 5 ·YR. AGO(b) 
ume house 
else11here on Island 
different Island 
different state 
different country 
EDUCATION (pop. 25+)(b) 
8 years or less 
high school grad 
college grad., .are 
Table 11-1 
CENSUS DATA ON POPULATION AND DEMOGRAPHICS 
PERCENTAGE COMPOSITIONS FOR VARIOUS LEVELS OF ANALYSIS 
H111all County 
1970 ~
63,468 92,05~ 
I 
28.83 
12.30 
16.47 
37.53 
2.90 
1.97 
8.58 
27.82 
54.40 
9.20 
76.99 
NC 
10.83 
62.49 
HC 
HC 
HC 
NC 
37.16 
31.60 
7.54 
I 
34.02 
lB. 77 
13.81 
26.59 
1.82 
5.00 
9.09 
21.50 
59.22 
10.19 
70.54 
29.07 
9.41 
52.89 
22.65 
7.38 
10.07 
2.81 
20.11 
35.52 
15.16 
Puna Dlstrlct(a) 
1910 1980 
5,153 11,751 
I 
24.01 
8.11 
22.36 
40.71 
1.65 
2.50 
7.78 
24.22 
54.94 
13.06 
72.88 
HC 
13.61 
65.44 
HC 
HC 
HC 
HC 
43.70 
28.74 
5.54 
I 
43.21 
14.99 
16.73 
19.20 
1.41 
4.45 
10.19 
21.42 
58.74 
9.65 
58.85 
27.97 
13.18 
44.13 
20.12 
9.36 
14.76 
5.58 
18.81 
36.01 
12.75 
Keuu (COP) 
1970 1980 
951 
I 
15.25 
N/A 
HIA 
N/A 
HIA 
N/A 
8.31 
22.61 
57.62 
11.46 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
775 
I 
20.65 
7.74 
33.68 
35.35 
1.03 
1.55 
6.19 
22.06 
56.26 
15.48 
6l.ll 
4.36 
32.51 
64.62 
24.84 
3.01 
1.76 
5.77 
38.64 
26.37 
12.82 
Mountain VIew (COP) 
1970 1980 
419 
I 
16.47 
N/A 
N/A 
N/A 
HIA 
N/A 
4.30 
23.15 
57.28 
15.27 
N/A 
N/A 
N/A 
N/A 
HIA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
540 
I 
21.48 
8.15 
. 13;52 
50.93 
2.59 
3.33 
6.85 
17.78 
58.3) 
17.04 
71.26 
7.09 
21.65 
88.29 
5.18 
0.00 
0.00 
6.53 
36.87 
35.28 
1.86 
(a) "Puna District" is comprised of census tracts 210 and 211. 
Pahoa (CDPlo 
1970 _!!_ 
924 
I 
6.28 
N/A 
N/A 
N/A 
N/A 
HIA 
7.36 
25.32 
53.03 
14.29 
M/A 
N/A 
N/A 
HIA 
N/A 
HIA 
N/A 
N/A 
HIA 
N/A 
N/A 
923 
I 
8.13 
20.15 
~5.46 
43.01 
0.87 
2.38 
1.10 
17.01 
58.83 
15.06 
57.00 
21.11 
21.89 
48.83 
44 . 14 
3.26 
0.00 
3.78 
43.24 
22.16 
12.79 
(b) figures based on 15 percent sample; hence, numbers represent estimate : · Percentages may be based on special populations. 
"COP" = "Census Designated Place" "N/A" = "Not Available" "NC" = 1970 categories or bases "Not Comparable" to 1980 
Source: U.S. Bureau of the Census, 1970, 1980; State of Hawaii, Community Profiles for Hawaii, 1973; percentages com-
puted by Community Resources 
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Table 11-2 
PUNA POPULATION AS A PERCENTAGE OF THE TOTAL ISLAND, 
AND PUNA TOWN POPULATIONS AS PERCENTAGES OF TOTAL PUNA 
Puna District (a) Keuu (COP) Mountain VIew (COP) 
as I of TOTAl ISLAND IS I of All PUNA IS I of All PUNA 
1970 l980 1970 1980 1970 1980 
TOTAl POPUlATION 8.121 12.771 18.461 6.601 8.131 4.601 
ETltNICITY 
Caucasian (White) 6.761 16.2t'S 11.721 ].151 5.581 2.281 
Hawaiian 5.791 10.201 N/A ].411 N/A 2.501 
F lllplno 11.021 15.471 N/A 13.281 N/A 3.711 
Japanese 8.811 9.221 N/A 12.151 N/A 2.191 
Chinese 4.621 9.931 N/A 4.821 N/A 8.431 
·other 10.3Jl 11.351 N/A 2.291 N/A 3.441 
AGE 
Jlnder 5 years 7.361 14.301 19.701 4.011 4.491 ].091 
5 to 17 yurs 7.071 12.721 17.231 6.791 7.771 3.811 
18 to 64 years 8.201 12.661 19.361 6.321 8.481 4.561 
65 and older 11.531 12.091 16.201 10.581 9.511 8.111 
PlACE OF BJRTH{b) 
Hawaii 7.601 10.651 N/A 7 • .751 N/A 5.2B 
other U.S.A. NC 17.821 N/A 1.131 N/A 1.101 
foreign country 10.081 17.881 N/A 17.821 N/A 7.101 
RESIDENCE 5 YR. AGQ(b) 
utne house 8.471 10.4B N/A 11.141 
"'" 
9.5151 
elsewhere on Island NC 11.341 N/A 8.381 N/A 1.141 
different Island HC 16.181 N/A 2.181 N/A 0.001 
different state HC 18.711 HIA 0.811 N/A 0.001 
different country HC 25.351 N/A 7.011 N/A 5.181 
EDUCATION (pop. 25+)(b) 
8 years or Ius 10.391 11.991 N/A 16.291 
"'" 
10. 73S 
high school grad 8.031 12.991 N/A 5.811 N/A 5.371 
college grad., -ore 6.501 10.781 N/A 7.971 N/A 7.801 
different total reflecting sampling and/or special subpopulations 
(a) "Puna District" is comprised of census tracts 210 and 211. 
(b) Figures based on 15 percent sample; hence, numbers represent estimate. 
Pahoa (COP) 
as I of All PUNA 
1970 1980 
17.9B 7.851 
4.691 1.481 
N/A 10.561 
N/A 11.951 
N/A 17.601 
N/A 4.821 
"'" 
4.211 
16.961 7.021 
18.751 6.241 
17.311 7.871 
19.611 12.261 
"'" 
7.421 
"'" 
5.781 
"'" 
12.721 
.,,. 8.111 
N/A 14.341 
N/A 2.271 
N/A 0.001 
N/A 4.421 
N/A 18.531 
N/A 4.961 
"'" 
8.091 
"CDf" = "Census Designated flace" "MLA" = "Mat A~ailable" ~~~c:~~ = l2Z!l 'iltegcrie~ cr bases "Mgt C!lmR~r~~le" ta 12BD 
Source: U.S. Bureau of the Census, 1970, 19~0; State of. Hawaii, C!l!Il!!!l.!!li~~ frofiles fgr l::tah:aii. 1973; percentages com-
puled by Community Resources 
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Demographic shifts in Puna from 1970 to 1980 were similar to, but more 
pronounced than, those experienced by the island as a whole. Ethnically, Puna 
changed from a largely Japanese to a largely Caucasian area. Also, more than 
half of Puna's net population growth from 1970 to 1980 was not Hawaii-born. 
The proportion of Puna's population consisting of native Hawaiians increased 
from 9 percent in 1970 to 15 percent in 1980 (see Table 11-1). Ten percent of 
the island's Hawaiian population now resides in Puna (Table 11-3). However, 
the net additional Hawaiian population was a much smaller proportion of the 
new Puna population (20 percent) than was the case for Hawaiians island-wide 
(33 percent), suggesting that the Hawaiian population is unlikely to catch up 
to the Caucasian population in the foreseeable future (see Table 11-3). In 
1980, native Hawaiians were still only the fourth most populous ethnic group 
(1,762), following Caucasians (5,078), Japanese (2,256), and Filipinos (1,966). 
Despite a frequently expressed belief that Puna subdivisions are being 
filled by retirees, the district's population actually grew somewhat younger 
during the 1970s. In 1970, people age 65 and older represented 13.1 percent 
of Puna's population; in 1980 this age group represented only 9.7 percent. 
The average educational level in Puna rose during the 1970s, but in 1980 the 
percentage of persons with college degrees was still slightly lower in Puna 
than for the island as a whole. 
The town of Pahoa, which is the nearest CDP to the project site, contained 
923 people in 1980, a figure almost identical to its 1970 population. 
Compared with the Puna District as a whole, Pahoa CDP residents were much more 
likely to: 
o Be of Japanese ancestry (43.0 percent versus 19.2 percent) 
o Be 65 or older (15.1 percent versus 9.7 percent) 
o Be foreign-born (21.9 percent versus 13.2 percent) 
o Have an eighth-grade education or less (43.2 percent versus 
18.8 percent) 
0 
0 
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Have moved recently from elsewhere on the island 
(44.1 percent versus 20.1 percent) 
Not to have lived off-island 5 years previously (7.0 percent 
versus 29.7 percent) 
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Table 11-3 
NET GROWTH COMPONENTS ANALYSIS FOR SELECTED CENSUS CATEGORIES 
Changes 
Total 197G-80 
Overall population 
Population 25 or older 
Employed civilian labor force 
Number of families 
Year-round occupied housing units 
Selected Categories 
Ethnicity (overall population) 
Caucasian (white) 
Hawaiian 
Filipino 
Place of birth (overall population) 
Hawaii 
Education (population 25 or older) 
College graduate or more 
Occupation (employee civilian labor 
force) 
Service 
Industry (employee civilian 
labor force) 
Construction 
Retail 
Poverty (number of families) 
Families below poverty level 
Tenure (year-round occupied 
housing units) 
Renter-occupied 
Housing conditions (year-round 
occupied units) 
1.51 or more persons/room 
Hawaii County 
28,585 
19 '203 
12,970 
8,133 
11,977 
Change 
(Raw 
Number) 
13,018 
9,465 
2,255 
16 '072 
5,541 
2,181 
809 
2,951 
915 
4,061 
326 
Total 
Change (%) 
45.5 
33.1 
7.9 
56.2 
28.9 
16.8 
6.2 
22.8 
11.3 
33.9 
2.7 
Puna District 
6,598(a) 
3,837 
2,026 
1,738 
2,309 
Change 
(Raw 
Number) 
3,841 
1,310 
814 
3,203(1) 
709 
339 
313 
258 
306 
617 
188 
Total 
Change (%) 
58.2 
19.9 
12.3 
48.1 
18.5 
16.7 
15.4 
12.7 
17.6 
26.7 
8.1 
(a) Because place of birth was based on sample rather than full enumeration, 
the 1970-80 total change for Puna is calculated as 6,658 rather than 6,598 • 
Source: U.S. Bureau of the Census, 1970, 1980; State of Hawaii, Dept. of Planning and 
Community Development, 1973; percentages computed by Community Resources. 
AR:6688d 11-7 
No separate or disaggregated census data are available for the 
subdivisions immediately surrounding the project site, e.g., Leilani Estates 
or Nanawale Estates. However, indirect evidence from hearings or other public 
events suggests that residents demographically resemble the Puna-wide 
population (i.e., tend to be Caucasians new to the Puna area within the past 
10 to 15 years). The total population in any of these subdivisions is not 
currently known. The only currently available information (from tax maps) 
gives the number of lots in each subdivision as follows: 
Subdivision 
Leilani Estates 
Lanipuna Gardens 
Nanawale Estates 
Hawaiian Holiday Estates 
(Nanawale Farm Ranch Lands) 
Number 
of Lots 
2,266 
110 
4,289 
88 
Approximate Distance to PGV Project 
2,000 feet from northwest boundary 
(east boundary is 4,000 feet from 
nearest existing well) 
4,000 feet distant 
-1.5 miles distant 
1.5 miles distant 
Based on a State of Hawaii Department of Health Research Division survey 
on possible health impacts of geothermal development, some population 
estimates may be made for Leilani Estates, which is perhaps the most populous 
area in the immediate vicinity of the project. According to Bruce Anderson. 
environmental epidemiologist in the Department of Health's Communicable 
Disease Division, 152 apparent residential structures were counted by state 
employees (personal telephone communication, April 1984). The survey was 
based on interviews with persons in 135 of these households (the remainder 
refused or were not at home). A total of 350 persons lived in these 135 
households, for an average 2.59 persons per household. Based on this survey 
and projections to the full 152 households, the estimated Leilani Estates 
population in early 1984 \ias 39 4. 
District Population Trends. Both throughout the island and in the Puna 
District, population increased substantially between 1970 and 1980. The new 
population resulted in large part from in-migration. The ethnic composition 
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of the population became relatively less Oriental, and relatively more 
Caucasian and native Hawaiian. These trends are likely to continue. 
Puna will continue to have great scenic appeal to people seeking an 
isolated, natural environment and having lifestyles or circumstances that 
permit a choice of areas in which to live (e.g., retirees or participants in 
either a subsistence or underground economy). Their demand for Puna land may 
be more affected by broad national and statewide economic considerations than 
by the local economy. 
Historically, a substantial part of the residential demand for Puna 
homesites has come from more ethnically diverse people who must find nearby 
work to support themselves. This demand will be greatly affected by local 
economic conditions. A level or declining economy in eastern Hawaii will 
result in level or declining residential property costs in the employment 
center of Hilo, somewhat reducing the purely economic appeal of living in 
Puna. It will also reduce the overall new demand for residential development 
anywhere in eastern Hawaii. But, as is discussed in other sections of this 
report, there is reason to believe that the economy of eastern Hawaii will 
improve in the future. 
Labor Force 
Between 1970 and 1980, Hawaii Island's labor force grew from 25,889 to 
41,006, an increase of 58.4 percent, or approximately 4.7 percent per year, 
compounded. Over the same period, the labor force participation rate held 
steady at about 60 percent. The growth rate slowed somewhat during the 1980s 
to an average of 2.8 percent per year, so that by the end of 1984 the labor 
force stood at an estimated 46,850 (State of Hawaii Department of Planning and 
Economic Development, 1985). 
Economic problems affecting both agriculture and tourism have prevented 
the number of jobs from increasing as rapidly as the population. 
Consequently, the county-wide unemployment rate increased from 2.7 percent in 
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1970 to 9.8 percent in 1982. In 1985 the average Big Island unemployment rate 
stood at approximately 8.5 percent (State of Hawaii Department of Labor and 
Industrial Relations, unpublished data, 1986). 
For the past several decades, the island has gradually shifted from an 
agricultural to a tourism-based economy. The 1980 work force was primarily 
concentrated in nonmanual occupations such as technical/ sales/administrative 
(26.1 percent), managerial/professional (20.1 percent), and service jobs (16.5 
percent). Industries employing island workers showed some evidence of 
shifting during the 1970s, with proportionately more workers in 1980 employed 
in retail, financial/insurance/real estate, and public administration 
(Table 11-4). 
In both 1970 and 1980, the Puna District's labor force participation rate 
was lower than that of the island as a whole, and its unemployment rate was 
higher. The 1980 census-defined unemployment rate of 12.3 percent for Puna 
was nearly twice the island-wide figure of 7.0 percent. The state of Hawaii's 
estimated average 1985 unemployment rate was 14.9 percent for upper Puna and 
14.2 percent for lower Puna, contrasted with the island-wide rate of 
8.5 percent (State of Hawaii Department of Labor and Industrial Relations, 
unpublished data, 1986). 
Compared with island-wide totals, proportionately more 1980 Puna workers 
were engaged in manual occupations, such as farming/fishing/forestry and 
precision/craft/repair workers, or as operators/fabricators/laborers. 
Similarly, the Puna labor force was more likely to be involved in industries 
requiring manual skills, such as construction, agriculture, forestry, and 
fishing. This was particularly true for working residents of Pahoa and 
Mountain View, where 35 to 40 percent of the labor force is involved in 
farming-related work. As of 1980, one out of four of Puna's farm industry 
workers lived in the Pahoa CDP (Tables 11-4 and 11-5). 
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Table 11-4 
CENSUS DATA ON LABOR FORCE CHARACTERISTICS 
PERCENTAGE COMPOS IT IONS FOR VARIOUS LEVELS OF ANALYSIS 
H1w111 Count~ (a) ICUIU {COP) Mount1tn VIew ~COP~ Pllloa ICOP~ Pun1 District 
1970 198 1910 1980 1970 1980 1970 19 0 1970 .JL_ 
POTENTIAL LA!OII FOliC£ 
(lged 16 or 1bowe) .!l.._or5 __ 6!.!0~ .!.!8!- _11,~.1!7_ - .!!/!- __ 6,!6_ - !/!-- _4!11_ .-•LA ___ !0! 
not In l1bor force ]9.461 38.671 42.1111 44.681 11/A 41.131 II/A 47.901 
"'" 
4l.Zll 
1r11ed forces 0.431 0.311 0.001 0.311 N/A 0.001 N/A 0.001 
"'" 
0.001 
clvlll1n l1bor force 60.101 61.021 57.131 55.011 N/A 58.671 N/A 52.101 II/A. 511.771 
CIVILIAN LA8011 FORCE !5.._8~·- _4!.~ !.!01- _4,~.6!!1_ 
- !!/! -- _1!9_ - !!I! -- _2!1_ ·_N[A ___ ,!1! 
une~~ploytd 2.741 6.961 4.281 12.251 II/A 5.801 N/A 4.041 14/A ].641 
TOTAL E .. LOYEO 
CIVILIAN LABOR FORCE !5,~.1~0- _]!.!~ ,!.~11- _4,~.019_ 
- .!!/!-- _3~7- - !/! -- _2!4_ _M[A_ __ _!9! 
OCCUPATIOII 
service 16.291 16.411 9.291 13.021 II/A 19.891 M/A 4.211 MIA 1.311 
••n•gerl•llprofess. IIC 20.o5i NC 15.421 N/A 11.481 
"'" 
14.951 N/A 7.811 
technlc1l, Silts 
lo 1d•lnhtr1t ht IIC 26.101 NC 21.641 N/A 17.091 N/A 13.551 1/A 19.651 
f•r•, fish, forestry NC 10.291 NC 15.821 N/A 10.641 II/A ]].641 N/A . 36.271 
. precision, cr1ft, 
rep1lr IIC 12.691 NC 15.151 
"'" 
9.241 N/A 16.821 N/A 10.]]1 
'oper~tors, flbrtca-
tors, llbortrs · IIC 14.391 NC 18.941 11/A 31.651 N/A 16.1121 N/A 17.631 
INDUSTRY (selected) 
1grlculture, forest, 
fhh, •lnlng IIC ll.ZOI NC 16.321 
"'" 
10.361 N/A 46.261 MIA 40.301 
construction 10.601 9.111 7.351 11.411 N/A ].]61 N/A 0.001 N/A 0.001 
nondur1b It .tg. 13.341 6.661 19.081 8.211 N/A 37.821 II/A 4.211 MIA 3.271 
retltl tr1de 14.821 17.521 13.511 13.121 N/A 10.641 N/A 9.811 II/A 4.791 
fln1nc111, tnsur1nce, 
rul uhte 2.1101 5.701 2.431 4.951 N/A 2.241 
"'" 
0.001 .,,. 4.031 
eduutlon 7.611 11.101 6.511 7.951 N/A 9.801 N/A 7.481 If/A 5.291 
pub I lc •~In h. 6.491 7.261 5.711 8.271 N/A 2.801 N/A ll.ZII N/A 5.041 
(a) "Puna District" is comprised of census t rae ts 210 and 211. 
NOTE: All figures based on 15 percent sample; hence, numbers represent estimate. 
"COP" - "Census Qesjgnated Place• "N/A" - "Not Available" "NC" - 1970 categories or base's "Not Comparable" tp 1980 
Source: U.S. Bureau of the Census, 1970, 1960; State of Hawaii, Community Profiles for Hawaii. 1973; percentages com-
puted by Community Resources 
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Table 11-5 
PUNA LABOR FORCE AS A PERCENTAGE OF TOTAL ISLAND: 
PUNA TOWN LABOR FORCES AS PERCENTAGES OF TOTAL PUNA 
Pahoa (COP) Puna Olstrlct(a) 
as I or TOTAL ISLAND 
---r970 198o-
Keaau (COP) 
as I or All PUNA 
-mo-----na!! 
l'ountaln VIew (COPI 
IS I or All PUNA 
-·mo t9no--
IS I of All PUNA 
.J!IQ_ 1980 
POTENTIAl LABOR FORCE 
(aged 16 or above) 
ar~~~ed forces 
civilian labor force 
CIVILIAN LABOR FORCE 
uneq,loyed 
TOTAL (I'I'LOY£0 
CIVILIAN LABOR FORCE 
OCCUPATION 
service 
••nagerlal/proftss. 
technical, sales 
' ad~lnlstratlvt 
,.,.., fish, forutr1 
precision, craft, 
repair 
operators, fabrica-
tors, laborers 
INDUSTRY (selected) 
agriculture, forest, 
fish, alnlng 
construction 
nondur1ble afg. 
retail trade 
financial, Insurance, 
real estate 
education 
pub lie ad11ln h. 
8.551 
0.001 
8.121 
8.121 
12.691 
7.991 
4.561 
NC 
NC 
NC 
IIC 
IIC 
NC 
5.551 
1l.UI 
7.291 
5.961 
6.841 
7.041 
12.451 
12.501 
11.231 
11.231 
19.751 
10.591 
11.]7S 
8.151 
8.781 
16.211 
12.641 
ll.941 
15.411 
ll.261 
U.151 
7.931 
9.201 
10.391 
12.051 
14/A 
14/A 
N/A 
14/A 
N/A 
N/A 
14/A 
.N/A 
N/A 
It/A 
KIA 
N/A 
14/A 
It/A 
14/A 
"'" 
14/A 
It/A 
H/A 
7.721 
0.001 
8.231 
II.Zll 
).90S 
8.841 
ll.501 
6.581 
6.981 
5.951 
5.]91 
14.771 
5.611 
2.601 
40.421 
1.111 
4.001 
10.901 
2.991 
(a) "Puna District" is comprised of census tracts 210 and 211. 
II/A 
N/A 
KIA 
14/A 
14/A 
14/A 
14/A 
14/A 
"'" N/A 
"'" 
"'" 
14/A 
II/A 
N/A 
N/A 
14/A 
"'" N/A 
5.121 
0.001 
4.8411 
4.841 
1.601 
5.301 
1.111 
5.141 
).)21 
11.211 
5.881 
4.711 
15.021 
0.001 
2.691 
].961 
0.001 
4.981 
7.191 
NOTE: All figures based on 15 percent sample; hence. numbers represent estimate. 
"CPP" = "Census oesiqnated Place" "N/A" = "Not Avi!ilable" "NC" = 1970 categories or 
bases "Not Comparable" to 1980 
Source: U.S. Bureau of the Census, 1970, 1980; State of Hawaii, Community Profiles for 
~. 1973; percentages com-
puted by Community Resources 
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14/A 
II/A 
N/A 
14/A. 
14/A 
14/A 
14/A 
14/A 
14/A 
N/A 
14/A 
14lA 
"'" 14/A 
N/A 
14/A 
14/A 
N/A 
II/A 
11.381 
0.001 
11.951 
9.1131 
5.l71 
4.981 
8.t21 
22.541 
6.701 
9.151 
24.281 
0.001 
) .891 
].581 
11.001 
6.541 
5.991 
• 
• 
• 
~ Household Heads 
~ 
The 1982 Puna Community Survey sponsored by the county and the state of 
Hawaii provides additional information about work patterns of heads of 
households (SMS Research, 1982a, pp. 29-31). Using categories based mostly on 
the official U.S. Standard Industrial Classifications, the survey found the 
main work activities of Puna household heads to be as follows: 
Categories Selected for Highest Percentages 
or Relevance to Project (778 Households Sampled), % 
Retired 
Unemployed/does not work 
Construction 
Sugar 
Other agriculture 
Government 
Drilling/geothermal 
23 
8 
12 
7 
13 
8 
1 
The survey also inquired about place of work for the household's chief 
wage earner, with the following results: 
Job Location, % 
Home/does not work 
Puna 
Hilo area 
Kea'au area 
Other Hawaii Island area 
Other reply 
Does not know/refused 
Labor Force Trends without the Project 
30 
32 
27 
1 
7 
2 
1 
The patter n of Puna popul ation growth suggests that Puna residents will 
continue to have a lower-than-average participation rate in the labor force 
and a higher-than-average unemployment rate for those who do participate. 
Occupations and industries of historical interest to Puna residents have 
tended to be of an outdoors nature, and this interest can be expected to 
~ continue if appropriate opportunities are found. 
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The Puna Sugar Company completed its phased shutdown in December 1984. 
The shutdown began on April 1, 1982, with the release of 121 workers. As of 
late May 1982, only 2 percent had found new employment. Between December 1982 
and December 1984, the remainder of the employees were released. Sixty-four 
employees were retired (State of Hawaii, Department of Labor and Industrial 
Relations, 1983, pp. 4, 7 and 10; personal communication with Mr. J. Melrose, 
Agricultural Property Manager, AMFAC, 1986). 
Income and Poverty/Affluence Indicators 
The island of Hawaii's median 1980 family income of $19,132 was 
significantly less than the statewide median of $22,750. The percentage of 
families below the official poverty level increased slightly from 9.7 percent 
in 19 70 to 10.3 percent in 19 80 (Table 11-6). 
• 
In line with its comparatively higher unemployment rate, the Puna District 
appears to have even greater income and poverty problems than the island as a 
whole. Median family incomes were lower than county-wide medians in both 1970 
and 1980 (Table 11-7). In upper Puna (CT 210), median family incomes trailed • 
island-wide medians only slightly, but the median for lower Puna (CT 211, site 
of the PGV project) was only 78 percent of the island-wide median in 1970 and 
just 72 percent of the island-wide median in 1980. 
Other indications of increasing poverty in Puna are the percentages of 
residents in the lower income categories (greater percentages in Puna than on 
the island as a whole) and the percentage of families below the official 
poverty level. In 1970, the proportion of families falling in the poverty 
category was almost the same for Puna (9.9 percent) as for the island as a 
whole (9.7 percent). In 1980, however, 14.4 percent of Puna's families 
qualified for poverty status, compared with 10.3 percent island-wide. 
Although only 13 percent of all the island's families lived in Puna in 1980, 
18 percent of the poverty-level families were located there. 
In 1980 the Pahoa CDP had a particularly high percentage of families below 
the poverty level and a lower median family income than the other two Puna 
CDPs. However, Pahoa also had a higher proportion of families in the upper 
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Table 11-6 
CENSUS DATA ON FAMILY INCOME 
PERCENTAGE COMPOSITIONS FOR VARIOUS LEVELS OF ANALYSIS 
Haw1ll Cou~ Puna Dlstrlct(a) Keuu (COP) Hount1tn VIe~ (COP) Plhoa ~COP) 
1970 I 1970 1960 1970 1980 1970 1980 1970 1980 
------
TOTAl FAMiliES !4L6!2 __ 2!,~2~ !,!2! __ 2L~4- _N!_A ___ !7~ _ _14/_A ___ !6§. _ 
- !/~-- _2!9_ 
FAMILY INCOME 
(selected categories) 
less th1n $10,000 51.651 22.211 63.871 28.241 N/A 10.671 N/A 19.281 N/A 26.941 
less than SZO,OOO NC 52.561 NC 61.001 N/A 38.761 N/A 56.021 It/A 58.451 
-ore th1n S25,000 5.131 33.831 2.691 25.301 N/A 44.941 It/A 27.711 14/A ]1.961 
MOre than S50,000 t.oa 5.961 .491 4.691 H/A 0.001 N/A 9.641 N/A 17.811 
BELOW POVERTY lEVEl: 9.731 " 10.271 9.671 14.411 N/A 4.491 N/A 10.841 It/A 15.071 
MEDIAN FAMILY INCOME: S9,750 U9,ll2 N/A N/A N/A $23,750 N/A U8,9ll N/A Sl4,132 
I I (Census Tract 210:) S8,l71 Sl8,015 
(rensus Tract ~II:) S7,60l Sll,84l 
(a) "Puna District" is comprised of census tracts 210 and 211 . : 
NOTE: All figures based on 15 percent sample; hence, numbers represent estimate . 
"COP" - "Ceosys Designated Place" "N/A" - "Not Ayailable" "NC" - 1970 categories or bases "Not Comparable" to 1980 
Source: U.S. Bureau of the Census, 1970, 1980; State of Hawaii, Commun i ty Prof i les for Hawaii, 1973; percentages com-
puted by Community Resources 
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Table 11-7 
PUNA FAMILY INCOMES AS A PERCENTAGE OF THE TOTAL ISLAND, 
AND PUNA TOWN INCOMES AS PERCENTAGES OF TOTAL PUNA 
TOTAl fAMILIES 
fAMILY INCOME 
(selected categories) 
less .than Slo.ooo 
less than S20.000 
-are than S25.000 
-are than sso.ooo 
BELOW POVERTY LEVEL: 
MEDIAN fAMILY INCOME: 
(Census Tract 210:) 
(Census Tract 211:) 
Puna Ohtrlct(a) 
as I of TOTAl ISLAND 
1970 1980 
----
8.341 12.991 
10.321 16.511 
IIC.OOI 15.071 
4.381 9.711 
4.051 10.211 
8.461 18.211 
N/A 
8J.86I 
N/A 
I 94.161 
77.981 72.361 
Keuu (COP) 
as I of All PUNA 
1970 1980 
N/A 6.011 
N/A 2.271 
N/A 3.821 
II/A 10.671 
N/A 0.001 
N/A 1.871 
N/A (110re than 
1001) 
(a) "Puna District" is comprised of census tracts 210 and . 211. 
Mountain VIew (COP) 
u I of All PUNA 
1970 1980 
HIA 5.601 
N/A 3.821 
11/A 5.141 
N/A 6.131 
N/A 11.511 
N/A 4.221 
N/A (-are than 
1001) 
NOTE: All figures based on 15 percent sample; . hence, numbers represent estimate. 
Pahoa (COP) 
as I of All PUNA 
1970 1980 
M/A 7.391 
N/A 7.051 
N/A 7.081 
MIA 1.331 
N/A 28.061 
N/A 7.731 
N/A (-are 
than ·1001 
of lower 
Pun-a-
. 
"CPP" = "Census Designated Place" "N/A" = "Not Available" "NC" = 1970 categories or bases '1Not Comoarable" to 1980 
Source: U.S. Bureau of the Census, 1970, 1980; State of Hawaii, Community Profiles for Hawaii, 1973; percentages com-
puted by Community Resources 
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income brackets, thus suggesting that Pahoa has a wider distribution of 
incomes than either the Puna District or the island as a whole. 
Based on baseline economic trend projections without the proposed project, 
the foreseeable economic future for the eastern portions of the island does 
not hold forth the prospect of any immediate prosperity. Incomes in Puna will 
probably continue to trail those for the island, and families qualifying for 
poverty status will probably continue to be proportionately more numerous in 
Puna than in other populated parts of the island. 
Housing Supply 
The supply of year-round housing units on the island grew from 18,972 in 
1970 to 33,954 in 1980. This 10-year increase of 79.0 percent was much 
greater than either the 45.0 percent increase in overall population or the 
55.4 percent increase in family units. However, census definitions of housing 
units include condominium units for resort use or simple investment purposes, 
which is partially responsible for the apparent 13.9 percent increase in 
supply and vacancy rates in 1980. 
Still, the 69.4 percent increase in year-round occupied housing units 
(from 17,260 to 29,237) also exceeds the growth in both overall population and 
family units, thereby indicating fewer persons per occupied housing unit. 
General improvements in island housing over the 1970s are also indicated by 
the increased percentages of owner-occupied units (56.9 percent in 1970 versus 
60.7 percent in 1980) and decreases in the percentages of units lacking some 
plumbing and/or having crowded conditions (Table 11-8). 
The percentage of the island's total housing located in Puna is 
approximately the same as the percentages of overall population and total 
family units (i.e., 13 percent). The vacancy rate is about the same as that 
for the island as a whole, though Puna has fewer condominium units. Thus, it 
appears that gross housing supply in Puna is similar to that of the rest of 
the island • 
AR:6688d 11-17 
Table 11-8 
CENSUS DATA ON HOUSING STOCK 
PERCENTAGE COMPOSITIONS FOR VARIOUS LEVELS OF ANALYSIS 
Puna Dlstrlct{a) Keuu (COP) Mountain VIew (COP) Pahoa (COP~ 
1970 I?~ 197o 1980 197o 1980 1970 19 -
TOTAl YEAR-ROUND 
HOUSING UHITS 
vacant: 
TOTAL YEAR-ROUND 
OCCUPIED UNITS 
TENURE 
owner-occupied 
renter-occupied 
SELECTED CONOITOMS 
!8.~.9I2 __ 3_!,!5! 
9.021 13.891 
56.1171 60.651 
43.131 39.351 
lacking sa.e pl~lng 17.061 11.121 
l. 51 or 110re 
persons/r~ 6.521 4.971 
NUH8ER OF OWNER-
OCCUPIED N~OO­
MJNJUH UNITS FOR WHICH 
VALUE DATA AVAILABLE 
MEDIAN VAlli£: 
!.!2!- _4.~.4Q4_ 
16.791 13.011 
75.561 74.181 
24.441 25.821 
31.871 16.261 
5.651 7.151 
IIC 2,526 
II/A N/A 
I I (Census Tract 210:1 116,600 154,700 (Census Tract 211:) U9,200 .147,600 
NUMBER Of RENTER-
OCCUPIED CASH RENTAl 
UNITS FOR WHICH 
RENTAL DATA AVAILABLE 
MEDIAN RENT: S54 S22l 
(Census Tract 210:) (Census Tract 211:) 
IIC 727 
N/A N/A 
I I 
S53 S2l2 
SO-SJO S260 
- !~- __ 2!1_ 
2.691 1.921 
74.311 64.061 
25.691 35.941 
18.181 5.081 
4.351 3.521 
162 
- !2~ - - _1!6_ 
5.001 5.381 
112.461 77.271 
17. 541 22. 731 
·4.391 2.841 
4.391 9.091 
114 
_101_- -~1-
6.Z71 5.651 
- !8! - - _2!4_ 
67.961 64.081 
32.041 35.921 
43.661 10.211 
7.751 1.101 
150 
115,00- 154,200 110,000- 156,600 115,000- S59,700 
119,99 Sl4,999 S1t,999 
78 NC NC 74 
S0-140 SllO S40-S59 1165 S0-140 Sll5 
(a) "Puna District" is comprised of census tracts 210 and 211. 
"COP" - "Census Designated Place" "N/A" = "Not Available" "NC" = 1970 categories or bases "Not Comoarable" to 1980 
Source: U.S. Bureau of the Census, 1970, 1980; State of Hawaii, Community Profiles for Hawaii, 1973; percentages com-
puted by Community Resources 
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~ For the past two census periods, Puna has had more owner- than 
renter-occupied units (a 3:1 ratio in both 1970 and 1980), with the 
owner-occupied percentage exceeding the island-wide percentage. Rentals have 
constituted a slightly higher proportion (about one-third) of the occupied 
units in the Pahoa CDP. 
Some of the dollar-related statistics (Tables 11-8 and 11-9) reflect 
Puna's income and poverty problems. In 1980, median values of owner-occupied 
housing units were significantly lower for Puna than for the island as a 
whole. In lower Puna (CT 211), where the PGV project would be located, the 
1980 median was just two-thirds of the island-wide median value. However, for 
the same area, median rents were 16.6 percent higher than the island-wide 
median rental figure. In 1970, Puna rentals were cheaper than average rentals 
elsewhere on the island. 
Puna's housing stock has been generated primarily through custom home 
construction in land subdivisions. While there is much speculation in Puna 
~ land by absentee buyers and sellers, there have been few if any "spec" home 
developments. Future housing development in Puna will probably continue to be 
a direct function of the number of people who both wish to and are 
economically able to purchase land and build houses in the district. 
Population has generated housing development in Puna, rather than vice-versa. 
This may change with the new availability of large tracts of formerly 
agricultural land near Hilo, but no proposals for major residential home 
development in Puna have yet been made. The general prospect is for continued 
development of single homes on scattered lots. 
• 
Tourism 
The island of Hawaii visitor industry, which grew robustly during the 
1970s, is just emerging from difficult times in the early 1980s. Westbound 
visitor arrivals to the island grew from 446,000 in 1970 to a high of 860,000 
in 1979. However, a general softening of the tourism market and increased 
competition from other destination areas resulted in 3 years of declining 
arrivals to the Big Island. As a result, the westbound visitor total in 1982 
was only 678,000, a 20 percent drop. Since 1982, however, the number of 
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Table 11-9 
PUNA HOUSING STOCK AS A PERCENTAGE OF THE TOTAL ISLAND, 
AND PUNA TOWN HOUSING AS PERCENTAGES OF TOTAL PUNA 
TOTAL YEAR-ROUND 
HOUSING UNITS 
vacant: 
TOTAL YEAR-ROUND 
OCCUPIED UNITS 
TENURE 
owner-occupied 
renter-occupied 
SELECTED CONDITONS 
1acklng sa.e p1u.blng 
1.51 or .are 
persons/r0011 
NUMBER OF OWNER-
OCCUPIED II~HOO­
MINJUH UNITS fOR WHICH 
VALUE DATA AVAILABLE 
MEDIAN VALUE: 
(Census Tract 210:) 
(Census Tract 211:) 
NUH8ER OF RENTER-
OCCUPIED C~NTAL 
UNITS FOR WHICH 
RENTAL DATA AVAILAIILE 
MEDIAN RENT: 
(Census Tract 210:) (Census Tract 211:) 
9.641 12.971 
17.931 12.151 
11.821 ll.IOS 
11.721 16.031 
5.001 8.601 
16.471 26.231 
7.641 111.1171 
NC 16.091 
MIA 
66.1941 
77.421 
14/A 
I 
77.811 
67.711 
7.521 
N/A N/A 
9J.151 1041.041 
(ca. 501) 116.591 
Kuau (COP) 
as I of All PUNA 
1970 1980 
14.221 5.931 
2.281 .871 
16.621 6.681 
16.351 5.771 
17.471 9.]01 
9.481 2.091 
12.791 3.281 
NC 6.411 
0--ca. 
1001 of 
CT 210) 
NC 
(1--ca. 
501 of 
CT 210) 
99.091 
(of CT 
210) 
10.731 
47. 41s' 
(of CT 
210) 
(a) "Puna District" is comprised of census tracts 210 and 211. 
Mountain Ylew (COP) 
as I of All PUNA 
1970 1980 
6.561 4.2ll 
1 .• 951 1.751 
7.491 4.591 
11.171 4.791 
5.381 4.041 
1.031 .101 
5.1111 5.1141 
NC 4.511 
0--ca. 
751 of 
CT 210) 
(1--ca. 
1001 or 
CT 210) . . 
101.471 
(of CT 
210) 
3.031 
71.121 
(of CT 
210) 
Pahoa (COP) 
11 I of All PUMA 
1970 1980 
16.571 1.131 
6.191 2.971 
11~661 7.411 
16.7111 1.401 
24.461 10.311 
25.571 4.151 
25.581 8.391 
IIC 5.941 
(!--less 125.421 
than a11 (of CT 
CT 211) 211) 
10.1111 
(!--ca. 51.921 
1301 of (of CT 
CT ill) ill) 
"COP" = "Census Designated Place" "N/A" = "Not Available" "NC" = 1970 categories or bases "Not Comoarable" to 1980 
Source : U. S. Bureau of the Census, 1970, 1960; State of Hawaii, Communi tv Profiles for Hawaii, 1973; percentages com-
puted by Community Resources 
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persons visiting the Big Island has begun to increase. The number of hotel 
rooms on the Big Island has been relatively stable over the past 4 years at 
just over 7,000, or more than twice the number existing in 1970. 
The center for this growth is expected to be in the South Kohala/North 
Kona area in West Hawaii. With several major projects now under way in South 
Kohala on the Island's west side, the number of rooms will soon increase 
sharply. The resulting increase in visitor spending should serve as a major 
boost to the economy (County of Hawaii, Hawaii County General Plan, 
Preliminary Draft, May 1986). 
The major visitor attractions in the Puna District are Hawaii Volcanoes 
National Park, the eruptions of Kilauea, and the black sand beach at Kalapana 
in lower Puna. The Volcano House, a 36-room hotel in the National Park, and 
Kalani Honua, a hostel-type operation with dormitory accommodations, are the 
only tourist-related facilities in the district. A significant number of 
tourists, however, pass through lower Puna on sightseeing excursions and/or on 
their way to Hawaii Volcanoes National Park, which is the single most popular 
visitor attraction on the island. 
Agriculture 
Historically, the sugar industry has played a major role in the economy of 
the state of Hawaii, and Hawaii County has been the state's largest producer. 
In 1984, Hawaii County had 70,900 acres devoted to sugarcane, or 37.6 percent 
of the 188,400 acres of sugar land in the state. The number of acres in cane 
and the number of jobs in the sugar industry have been declining both 
statewide and in Hawaii County (State of Hawaii, Department of Planning and 
Economic Development, 1985, pp. 500 and 502). 
Agriculture continues to be a major economic activity in the county of 
Hawaii. Though acreage in traditional crops such as sugar and coffee declined 
between 1978 and 1984 by 23.4 percent and 13 percent, respectively 
(Table 11-10), acreage in selected horticultural and orchard crops increased 
31 percent over the same 7-year period. Sugar continued to predominate in 
value of production, with 1984 sales of $94 million. This is more than three 
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Table 11-10 
ACREAGE AND SALES VALUE FOR SELECTED AGRICULTURAL CROPS 
(Hawaii County, 1978 and 1984) 
Acres Value 
(103) ($ Millions) 
Crop 1978 1984 1978 1984 
Sugarcane 92.6 70.9 68.6 94-0 
Macadamia nuts 10.1 15.5 11.2 25.9 
Flowers and nursery products 0.7 0.9 8.6 16.9 
Papaya 1.7 2.1 5.7 7.5 
Coffee 2.3 2.0 2.1 4.7 
Source: Hawaii Agricultural Reporting Service, 1983, pp. 3, 8, 16, 19, 29, 
and 38, State of Hawaii Department of Planning and Economic 
Development, 1985, p. 502. 
Compiled by Community Resources, 1986 
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~ times greater than the second-ranked crop of macadamia nuts, which had 1984 
sales of ~25.9 million. It should be noted that the value of sugar sales 
increased 37 percent over the 7-year period, whereas the value of macadamia 
nut sales more than doubled during the same period. 
The Puna District has long been a major sugar-producing area, with AMFAC's 
Puna Sugar Company the primary employer. Although it is anticipated that 
sugar will continue to play an important role in the county of Hawaii's 
economy (58 percent of total crop sales in 1984), production in the Puna 
District has virtually disappeared since the unprofitable Puna Sugar Company 
ended operations in December 1984. Closing the plantation took approximately 
15,000 acres out of sugar production and resulted in the cumulative loss of 
approximately 485 jobs after the phasedown period. 
AMFAC operates a power plant at the closed Puna Sugar Company mill in 
Kea'au. The company has a firm contract to supply varying amounts of 
electrical energy to the HELCO electrical grid until the end of 1990. The 
~ generator at the mill plant was powered by a sugarcane waste product, as part 
of the mill operations. Now that bagasse is no longer available, AMFAC has 
arranged with an independent contractor to provide wood chips as an 
alternative to the use of fossil fuel. This is a small-scale operation 
employing 14 people in wood chipping and 25 people at the power plant. 
~ 
With the cessation of sugar operations in Puna and the consequent release 
of acreage for other purposes, diversified agriculture has become more 
important in both relative and absolute terms. According to landowners and 
corporations doing business in the district, papaya, macadamia nuts, bananas, 
and flower and foliage production have become the primary commercial 
agricultural activities in the district since sugar production ceased. A 
large percentage of the district's papaya and macadamia nut acreage is located 
in lower Puna. This is expected to expand with the planned opening of 
Hawaiian Holiday's papaya and hay farm on 2,500 acres of Shipman land. The 
venture will begin with hay production, to be followed by papaya planting. 
The two cr ops wi ll be rotated periodically. 
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A joint venture comprising AMFAC Hawaii, Hershey Foods, and Kakela 
Enterprises has recently announced plans to test the commercial feasibility of 
growing cocoa in Hawaii. The venture will have three phases. Phase I will 
test a 50-acre site on Maui and/or the Big Island and will last 2 years. 
Phase II will involve a 350-acre commercial test farm on Maui, the Big Island, 
and/or Kauai. Phase III will involve independent farmers on 30-acre plots, 
totaling 3,000 to 6,500 acres of AMFAC land statewide. AMFAC has mentioned 
its Puna lands as a potential site if the initial tests go well. An 
additional plus for the Puna area might be the availability of geothermal heat 
to be used in the drying of the beans. 
Science 
Scientific research and development, such as the telescope development on 
Mauna Kea and the OTEC program at Keahole, North Kona, are emerging components 
of Hawaii County's economy. Astronomy research, for example, has generated 
over $52 million in capital investments from outside Hawaii, employed numerous 
short-term construction workers, and created a total of 106 full-time jobs 
over the past 10 to 15 years (State of Hawaii, Department of Labor and 
Industrial Relations, 1983, pp. 4, 7 and 10; personal communication with Mr. 
J. Melrose, Agricultural Property Manager, AMFAC, 1986). Astronomy is 
Hawaii's major, and most successful, high-technology industry; continued 
growth of this activity on the island may encourage companies engaged in 
complementary high-technology activities (e.g., electronics manufacturing) to 
locate there. 
Industry 
Most industrial activities in Puna are related to the agricultural 
industry, such as processing of sugar, macadamia nuts, and papaya, and 
generation of electrical power from wood chips. ~FAC Tropical Products 
(formerly Puna Papaya) operates a processing plant at Kea'au that employs 
150 people. In addition to papaya, the plant processes guava supplied by 
local growers. It has sufficient capacity to process all of the papaya and 
guava produced on the island in the foreseeable future. C. Brewer's Mauna Loa 
macadamia nut process plant is also located near Kea'au. 
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Other primary and secondary economic generators in the Puna area include: 
o Retail trade and cottage industries 
o Two small-scale visitor facilities (Volcano House and 
Kalan! Honua) 
o Commercial fishing 
o Real estate sales 
Various government agencies are also major employers in the Puna District. 
W. H. Shipman, Ltd. is developing a light industrial park in Kea'au. This 
park is located along Highway 11, north of Kea'au about 6.5 miles from the 
airport and harbor in Hilo. Industrial zoning has been obtained for the 
project, and water lines are being laid. In the Shipman project, 450 acres of 
land are to be developed in annual increments of approximately 50 to 
60 acres. The park is intended to be used for light industrial activities, 
warehouses, and high-technology research facilities. Several local and 
~ foreign businesses have expressed interest in locating there. Given current 
economic conditions, and the fact that there is a substantial supply of vacant 
industrially zoned land in Hilo, the rate of development is expected to be 
very low. However, some potential occupants of the industrial park may 
benefit from the economic activity associated with further geothermal 
development in Puna on a long-term basis. 
A 2,000-acre resort/residential community has been proposed for King's 
Landing, located in Puna on the oceanfront adjac~nt to the South Hilo 
boundary. Preliminary conceptual plans include a low-rise resort hotel, an 
18-hole golf course, low-rise condominiums, single-family residential lots, 
and low-rise multiple dwelling units. The develoPer estimates that at full 
development the resident population of the community will approach 15,000. 
The process of obtaining state and county approvals and permits has not yet 
begun, and it would be several years after the permit phase before there are 
occupied residences on the property. Additionally, the county is reviewing 
this and all other yet-developed resort-designated lands as to the 
~ appropriateness of continuing this designation during the current General Plan 
update. 
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Commercial Activities 
Commercial activities are located in Kea'au, Pahoa, Kurtistown, Mountain 
View, Glenwood, Volcano, and Kalapana. A neighborhood shopping center has 
recently been completed in Kea'au; however, most of the commercial uses in the 
district are still family-operated businesses serving the adjoining 
communities (County of Hawaii Planning Department, 1979, p. 44). Puna 
residents do the majority of their shopping in Hilo and at the new regional 
center in South Hilo because of the wide variety of stores and merchandise. 
Values and Attitudes 
Community Values. Puna's residents view themselves primarily as rural and, 
more specifically, as people who have intentionally chosen such a lifestyle. 
Table 11-11 lists the best features of life in Puna, as volunteered by the 
residents of Puna. 
Several factors qualify the residents' self-image, however, and make it 
unique. First, Puna is close to Hilo. Not only do a fair number of Puna 
residents work there, but they also use the city for recreation, shopping, and 
government business. In that respect, Puna residents can be considered more 
suburban than rural. A second qualification is the strong influence of Puna's 
newcomers. There is no known study that has specifically focused on this 
group in order to understand how they view their lives and lifestyles. A 
third qualification is the general resurgence of a distinctly native Hawaiian 
set of values, which may also strongly influence people's opinions and 
aspirations. 
Certain frequently encountered community values may be particularly 
relevant to any proposed development in Puna. These include: 
o Family. The concept of intact and extended families is 
of critical value. 
o Slow pace. Puna's rural qual ity contributes to the 
slow pace of life. 
o Land. Subdivision activities have allowed for 1- to 
5-acre parcels for residents to grow their own food and 
to produce crops that can be marketed to supplement 
their income. 
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Table 11-11 
BEST FEATURES OF LIFE IN PUNA 
Item 
Population/development 
(generally lack of such features, 
e.g., country atmosphere, rural area, 
uncrowded, etc.) 
Other physical/environmental 
(climate, beauty, etc.) 
Social/lifestyle factors 
Personal associations/commitments 
Economic attributes 
(cheap housing, land, prices) 
Location/convenience factors 
(close to Hilo, work, ocean) 
Percentage of 
RespondentsCa) 
49 
40 
33 
19 
11 
11 
(a) Percentages can total more than 100 percent because of multiple 
responses. Sample size = 778. 
Source: SMS Research, 1982a, p. 22 • 
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o Living off the land. Because Puna is largely 
undeveloped, people can enjoy a variety of activities 
within the district that are consistent with the Puna 
lifestyle image, i.e., hunting, fishing, and foraging 
for plants. 
o The last frontier. Many of the district's newer 
residents view Puna as the frontier boundary of 
Hawaii. Its undeveloped character, from their point of 
view, is associated with the frontier values of rugged 
independence and self-sufficiency. Living in an active 
volcanic area adds to this feeling of frontier living. 
These values help define what Puna residents might mean by the term 
"rural." Other, sometimes contradictory, lifestyle values are also operating 
in the community. For example: 
o Jobs. People in Puna are seriously concerned about the 
district's economic future. A commonly reported 
problem in the 1982 survey was lack of opportunity. 
0 
0 
Services. Although the Puna lifestyle image is one of 
independence and a pioneering spirit, the residents are 
demanding better infrastructure and services. 
Education. People in the Puna area place a high value 
on education. Education is usually associated with 
upward mobility and economic success. 
o Underground economy. Marijuana is the economic 
backbone of Puna's underground economy. Based on 
anecdotal information, it is surmised that marijuana 
provides a high cash income for those engaged in its 
production. 
These present values can be expected to persist in the future with or 
without the proposed project. 
Attitudes Toward Geothermal and Other Development. The 1982 survey of Puna 
dealt with attitudes of residents about future development and, more 
specifically, their opinions about geothermal energy development. This 
research was conducted prior to the Kahauale'a contested case hearings held 
before the State Board of Land and Natural Resources and before the lawsuit, 
Puna Speaks et al. vs. Hodel et al., received island-wide and statewide 
publicity. Such publicity could have affected public opinion. 
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In 1982, most area residents clearly preferred a future economic scenario 
based on agriculture (Table 11-12). The form of agricultural development 
desired is vague, but is consistent with Puna's past history and contemporary 
values. A minority favored industrial growth and more intensive tourism 
development. Puna residents wanted more jobs and better services but were 
not, according to the survey, willing to gain such benefits through 
industrialization. Most people feared that industrialization would bring 
encroachment, pollution, and loss of rural character. 
Most Puna residents were aware of existing geothermal wells, but fewer 
than 20 percent of those surveyed reported personal impacts: those who felt 
personally affected reported a negative impact. Reports of impacts decreased 
the farther away the respondents lived from existing wells. 
The following year, the County Planning and Housing Departments sponsored 
a planning survey with an island-wide sample of 1,055 residents, including a 
Puna sub-sample of 117 persons (Hawaii Opinion, 1983). One question dealt 
indirectly with geothermal development. The question was: If you had 
$10 million to help industries on the Big Island, how would you use the 
money? That is, which industries would you put the money into and how would 
you divide it up? Respondents could allocate this hypothetical money among 
eight industries, plus an "other industries" category. 
Island-wide, 41 percent said that they were willing to help geothermal-
related industries. This was sixth behind diversified agriculture (75 
percent), tourism (73 percent), aquaculture/fishi~g (65 percent), construction 
(53 percent), and sugar (49 percent). Within the Puna subsample, geothermal-
related industries fell to seventh place, tied with heavy industry at 
24 percent each. This may indicate that Puna residents tend to see geothermal 
activities and heavy industries as similar (Hawai! Opinion, Inc., 1983, 
pp. ii, 14, and 15) • 
AR:6688d 11-29 
Opinion 
Good idea 
Not good idea 
Depends how it 
No opinion 
Table 11-12 
EVALUATION OF DIFFERENT GEOTHERMAL-RELATED 
DEVELOPMENT SCENARIOS 
Percentage of Responses to 
Geothermal-Related Development Scenario 
Electricity 
Only - No Light Heavy 
Industr_l Industri Industry 
48 (53)(a) 66 21 
22 (17)(a) 8 44 
is done 12 9 10 
18 18 25 
(a) 5 percent of the sample opposed geothermal electricity generation (no 
industrialization) because they thought there should be industrial 
use of geothermal power in Puna. The figures in parentheses include 
those responses. 
Source: SMS Research 19 82a, p. 34. 
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The most recent survey on attitudes toward geothermal development was a 
telephone poll commissioned by the Hawaii State Department of Planning and 
Economic Development's Energy Division (SMS Research, 1986). A total of 227 
Big Island residents -- including a disproportionate sub-sample of 103 in the 
Puna District -- were asked about opinions on three geothermal options: 
(a) small-scale: a 25 MW development from two plants "in the Kapoho area" 
with use limited to the Big Island; (b) large-scale: 100 MW to meet all Big 
Island electrical needs from several plants "in the Kapoho area and further up 
in the Puna forest"; (c) export to Oahu: 500 MW for export to Oahu via 
undersea cable after year 2000 from development of several sites, "each on 
several hundred acres," probably in the Kapoho area and the Puna Forest 
Reserve. 
Overall results are shown below: 
Small-Scale Large-Scale Export to Oahu 
Island Island Island 
Puna Total Puna Total Puna Total 
-,-- % -%- % -%- % 
In favor 66 65 43 47 37 40 
Opposed 17 12 29 23 36 32 
Depends 14 19 23 23 21 21 
Don't Know/ 3 4 5 7 6 8 
Refused 
(Base:) (103) (227) (103) ( 227) (103) (227) 
The overall pattern suggests strong support -- both in Puna and islandwide 
for "small-scale" development such as the presently proposed project, with 
increasing (but still minority) levels of uncertainty and/or opposition for 
larger projects. Asked to explain reasons for their answers, most people in 
favor mentioned need for energy alternatives and economic advantages, while 
opponents and people who said "it depends" were primarily concerned about 
environmental impacts. 
Native Hawaiian Values. The Puna Hui Ohana , an organization of the Puna 
Hawaiian community, prepared an assessment of geothermal development impact on 
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aboriginal Hawaiians in the lower Puna District (Puna Hui Ohana, 1982). 
According to the Ohana assessment, many of these Hawaiians are attempting to 
discover and define their own Hawaiian identity while still believing that 
they must cling to their culture secretly in order to participate and be 
accepted in the Western culture. They perceive that negative changes are 
taking place all around them and that Caucasian in-migrants are taking over 
their culture. They feel like strangers in their own land. 
Other concerns expressed in the Ohana assessment include the following 
perceived possibilities: 
o Geothermal development may result in a loss of access 
to large areas of undeveloped land that the Hawaiians 
use for traditional cultural activities such as food 
and maile gathering and hunting. 
o Geothermal development may encourage a large increase 
in population that could severely strain public 
services and infrastructure. 
o Geothermal development may increase the potential for 
social conflict in lower Puna as relatively highly paid 
newcomers with different values from the current 
residents compete for the use of physical resources and 
social status. 
o Property taxes may rise as a result of land development 
and this may affect land prices, housing, and farm 
leases. 
o Increased geothermal development may change aboriginal 
Hawaiian attitudes regarding interpersonal 
relationships and the relationship to nature and the 
supernatural. 
Hawaiians have• in recent years, mobilized political and legal resources 
to stop what they perceive as a loss of cultural identity. Some of these 
activities involve questioning ownership of various lands and resources, 
including geothermal energy. 
Testimony at the contested case hearings on the proposed Campbell/True/Mid 
Pac geothermal project in 1983 and 1985 supplied information pertinent to the 
history of the Pele practitioners. According to Abraham Piianaia, Pele was 
brought to the islands from Polynesia. Writings of the last 50 years or so 
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indicate that Kilauea is the home of the goddess Pele. However, as a child, 
Mr. Piianaia was told by his grandparents that Mauna Loa was the actual home 
of Pele, but that Pele did some volcanic chores at Kilauea. Homage by true 
devotees of Pele was paid at Mauna Loa. As Kilauae became more accessible by 
road, with the establishment of Volcano House at the rim and with increased 
visitor interest in the area, Kilauea assumed designation as Pele's home. 
Some older Hawaiians thoroughly believe that the geothermal resources in 
the form of steam is Pele's "breath." The notion of drilling wells into the 
earth to recover this resource is equated, at least by a few, to an attempt to 
penetrate Pele's lungs and steal her breath away. 
Although most Hawaiians have the feeling that Pele is not a wanton or 
destructive goddess, the destruction of the village of Ho'opu loa by a lava 
flow in 1926 did away with the long-standing belief that no Hawaiian village 
would ever be consumed by volcanic action since Pele would protect her people • 
The issue of whether geothermal development will interfere with the 
practice of Pele worship has been brought to court under a First Amendment 
cause of action. This suit is currently pending. 
11.2 ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION 
Employment Impacts 
Exact employment and associated economic impacts will depend on ultimate 
site and engineering plans, now being finalized. Figures in this section are 
based on a 1984 scenario. It is expected that subsequent changes to this 
scenario would have only slight implications for the job counts and related 
economic impacts to be presented here. These preliminary estimates indicate 
that capital costs for the project will be approximately as follows: 
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Plant 
Gathering and injection 
H2S abatement 
Total 
11-33 
Capital Cost 
($ Millions) 
25.4 
4.4 
7.1 
36.9 
Construction of the power plant and related facilities will be phased over 
approximately 4 years and will require approximately 50 work years of labor. 
Peak construction employment on the power plant will be approximately 100 
people. During the construction period, daily truck traffic on Pohohiki Road 
will probably increase. Although it is anticipated that most of the 
construction skills required are available in the Hawaii county and/or state 
labor market, a few jobs requiring highly specialized skills may be performed 
by mainland workers on temporary contracts. 
Each geothermal well takes approximately 60 days to drill, and one well 
will be developed at a time. There is one drilling rig on the island, which 
is expected to remain full time. Drilling crews will consist of approximately 
36 people each (12 per shift, 3 shifts per day); the estimated well drilling 
costs are approximately $2 million per well. 
Approximately 19 employees will be required for operation and maintenance 
(O&M) of the facility (Bechtel National, Inc., 1983). The annual operating 
expenditures are estimated at approximately $2.3 million, $800,000 of which is 
for labor. 
Table 11-13 lists the general supervision and construction labor skills 
classifications required for power plant and ancillary facilities 
construction. Most of these skills are available either in Puna's or the 
island's labor force. Skilled former Puna Sugar Company employees would 
represent a particularly valuable resource. Although no public agency has 
monitored their current employment status, it is possible that some employees 
may still be available to work on this project. 
As can be seen by the occupational profile of Puna and the job 
characteristics of the workers being laid off by the Puna Sugar Company, most 
of the necessary skills are probably available in the district's labor force. 
In addition, the basic core of required skills to construct the geothermal 
wellfield gathering system is also available, either in the district or in 
other areas of the county or state. These skills include certified welders, 
pipefitters, and steamfitters. 
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Table 11-13 
REQUIRED LABOR SKILLS FOR POWER PLANT CONSTRUCTION 
Administrators 
Equipment operators 
Drivers 
Boilermakers 
Carpenters 
Millwrights 
Concrete workers 
Electricians 
Fence erectors 
Glaziers 
Ironworkers 
Laborers 
Masons 
Painters 
Pipefitters, plumbers 
Roofers 
Sheetmetal workers 
Mechanics 
Welders 
Well drillers 
Source: State of Hawaii, Department of Planning and Economic Development, 
1982b p. 8-2 • 
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After the construction period, permanent employees will be required to 
operate and maintain the fluid transmission systems over the estimated 35-year 
life of the plant. These job classifications include administrative and 
support staff, such as clerical, materials, technical, maintenance, and 
operations personnel. Specialized skills will also be required to perform 
routine geothermal well maintenance. The majority of the required O&M 
personnel either are already in the Big Island labor pool or will be trained 
through on-the-job training programs. Therefore, it is unlikely that it will 
be necessary to import field O&M personnel to the Big Island either from 
outside the state or from other islands (State of Hawaii, Department of 
Planning and Economic Development, 1982b, p. 84). 
Table 11-14 summarizes the estimated impact on employment of facility 
construction and operation. 
Construction of the geothermal plant and facilities and drilling of the 
initial six deep production wells plus one dry injection well will require 
50 man-years and 43 man-years of labor, respectively. The preliminary 
schedule assumes that two wells will be installed prior to site work and 
construction activities and that the total drilling and construction process 
will be phased over 4 years. Direct construction employment on the project is 
estimated to be: 
o Year 1. 288 manmonths (drilling three deep production 
wells + one deep liquid injection well) + 12 manmonths 
(drilling four shallow wells ) + 5 manmonths 
(construction) = 348 manmonths or 29 average annual 
full-time jobs 
o Year 2. 288 manmonths (construction) = 24 average 
full-time jobs 
o Year 3. 144 manmonths (drilling two deep production 
wells) + 24 manmonths (construction) = 168 manmonths or 
14 average full-time jobs 
o Year 4. 72 manmonths (drilling one deep production 
well) + 240 manmonths (construction) = 312 manmonths or 
26 average full-time jobs 
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Table 11-14 
TOTAL ANNUAL EMPLOYMENT IMPACT OF THE 
PGV FACILITY: NUMBER OF JOBs(a) 
Impacts 
Item Direct Indirect Induced Total 
Construction 23 8 13 44 
Operation and maintenance 19 7 19 45 
(a) The analysis does not include the employment impacts of drilling nine 
replacement wells over the 35-year life of the power plant. 
Sources: Direct construction employment derived from information 
supplied by the developer (Bechtel National, Inc., 1983). 
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Direct operation and maintenance employment from the State of 
Hawaii, Department of Planning and Economic Development 1982b, 
p. 8-5 • 
Simple employment multipliers (direct and indirect jobs per 
additional direct job) of 1.3525 for the construction industry 
and 1.3721 for the electricity, gas, and sanitary services 
sector from State of Hawaii, Department_ of Planning and 
Economic Development et al., 1975, p. 23. 
Total employment multipliers (direct and indirect and induced 
jobs per additional direct job) of 1.9054 for the construction 
industry and 2.3863 for the electricity, gas, and sanitary 
services sector, ibid • 
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Thus, an annual average of 23 full-time construction jobs will be created 
over the estimated 4-year construction period. Based on the employment 
multipliers referenced in Table 11-14, the 23 annual full-time equivalent 
construction jobs will generate 8 indirect jobs and 13 induced jobs for a 
total employment effect of 44 new jobs per year over the two-phase, 4-year 
construction period. 
Direct employment required to operate and maintain the plant and 
geothermal wellfield will be approximately 19 people. Based on the employment 
multipliers referenced in Table 11-14, these 19 permanent operating and 
maintenance jobs will generate 7 indirect jobs and 19 induced jobs, creating a 
total of 45 new jobs. The effect of these new jobs will not be fully felt 
until the plant goes into commercial production. 
Although the number of direct, indirect, and induced jobs created by the 
construction and operation of the geothermal facility is small, the economic 
benefits to the island will be positive, including the contribution to 
reducing the high unemployment rate of the county and district. 
Income and Economic Output 
Economic activity generated by the project will have an effect on the 
total economic output and personal income of Hawaii County. Two sources of 
project expenditure will affect the county: 
o Capital expenditures, which are composed primarily of 
expenditures on goods, services, and wages involved in 
the construction phases of the proposed project 
o Operating expenditures, which include salaries paid to 
permanent employees as well as annual expenditures on 
goods and services for the operation and maintenance of 
the facility 
Since most of the construction material will consist of large units 
purchased off-island, expenditures in Hawaii can be assumed to approximate 
50 percent of the estimated $36.9 million total capital costs, or 
$18.5 million. In addition, $14 million will be expended to drill the seven 
new deep wells. Thus, capital expenditures in Hawaii will be approximately 
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$32.5 million. As stated previously, TPC estimates that annual operating 
expenses will be approximately $2.3 million. Table 11-15 shows the estimated 
project contributions to the county's economy. 
The projected $32.5 million in capital expenditures during the 4 years of 
drilling and construction activity will generate a total output of 
$63.2 million, or an annual average of $15.8 million. Total personal income 
generated by capital expenditures will total $16.5 million per year, or an 
annual average of $5.5 million. 
The total annual economic contribution (direct, indirect, and induced) of 
operational expenditures will result in an addition of $4.7 million to Hawaii 
County's output. Total personal income generated by $2.3 million in annual 
operating expenditures amounts to $1.3 million each year for the 35-year life 
of the project. 
Other Economic Impacts 
Property tax will be the primary source of county revenues from the 
project. Other revenue will be received from motor fuel tax, licenses, and 
permits. In addition, indirect and induced revenues may result from the 
increased demand for and production of local goods and services to meet the 
operational requirements of the geothermal facility. 
An analysis of the overall fiscal impact of the proposed development is 
beyond the scope of this assessment. Because of the public goods nature of 
government operating expenditures, it is extremely difficult to allocate 
specific costs, such as road maintenance and other county service costs, to a 
particular project. In addition, it is impossible to separate the county 
service costs that might be attributable to geothermal-related employees and 
their families from the costs incurred in servicing all new households on the 
island. The impact of the project on county costs will probably be minimal, 
however, since most of the workers are expected to be drawn from the existing 
resident labor force • 
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Table 11-15 
ESTIMATED CONTRIBUTIONS OF THE PROPOSED GEOTHERMAL 
FACILITY TO THE COUNTY OF HAWAII ECONOMY(a) 
Capital Expenditures Operational Expenditures 
($ Millions) ($ Millions) 
Average 
Average Annual Annual Annual 
Annual Personal County Personal 
Contribution Output Income Output Income 
Direct and indirect 12.2 4.3 2.8 0.8 
Total direct, indirect, 
and induced 20.4 5.5 4.7 1.3 
(a) Analysis does not include impacts associated with the drilling of 
nine additional production wells. 
Source: Simple output multipliers (direct and indirect) of 1.2004 for the 
construction industry and 1.2123 for the electricity, gas, and 
sanitary services sector, total output multipliers (direct and 
indirect and induced) of 2.0063 for the construction industry and 
2.0579 for the electricity, gas, and sanitary services sector 
(State of Hawaii, Department of Planning and Economic Development 
et al., 19 75, p. 20.) 
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Simple income coefficients (direct and indirect) of 0.4189 for 
the construction industry and 0.4396 for the electricity, gas, 
and sanitary services sector; total income coefficients of 0.5429 
for the construction industry and 0.5697 for the electricity, 
gas, and sanitary services sector (ibid., p.24). 
Compiled by Community Resources, 1984. 
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The state will also derive revenues from the proposed development, 
including the gross excise tax, corporate and personal income taxes, permit 
fees, and royalties from the geothermal resource. A portion of the state tax 
collections is expected to be returned to Hawaii County through grants-in-aid 
or transfer payments. 
Although the state's contribution to geothermal projects from 1972 to 1982 
totaled $3.4 million, the funds have generally been directed to the support of 
the geothermal industry as a whole (State of Hawaii, Department of Planning 
and Economic Development, 1982d, p.21). The proposed project has benefited 
from the state's research and development expenditures, but it is impossible 
to allocate these costs to any one particular development. 
The cost of the state's regulatory and enforcement activities, such as 
those that are the responsibility of the State Department of Health, may 
increase as a result of the proposed geothermal development. These costs, 
which are as yet undetermined, can be considered part of the costs to 
• implement the state's energy policy of encouraging the production of energy 
from indigenous sources. 
In regard to other types of industrial development, certain types of 
manufacturing activities may find it advantageous if they have access to a 
source of waste heat. However, TPC has no plans to develop such activities. 
Several factors make it unlikely that others would successfully develop 
industrial projects in conjunction with the proposed project. The scale of 
the project is too small to provide sufficient waste heat for economic 
development of such projects. Also, the commercial feasibility of projects 
using waste heat from a geothermal power plant in the context of Puna's 
existing economy has yet to be demonstrated. It further appears unlikely that 
support activities and other industrial projects would locate so far from 
other customers. 
In view of the foregoing, it is not expected that substantial industrial 
development will be generated in the vicinity of the proposed 25 MW power 
• plant. Such development is only likely if development of the geothermal 
AR:6688d 11-41 
resource is increased to the point where the level of regular maintenance 
activity on the power plants will support local service and maintenance 
industries or until spin-off industries utilizing the by-products of 
geothermal power production (especially waste heat) become viable. 
As a part of the revision of the County General Plan, the county is 
evaluating the possibility of industrial use designation in the area of the 
proposed project. 
In summary, development of the proposed facility will generate a number of 
economic impacts that will affect the island of Hawaii. The majority of these 
impacts are economically positive. Table 11-16 summarizes the major 
quantitative impacts generated. 
Statewide and Island~ide Energy Implications 
The state of Hawaii depends on imported petroleum for over 90 percent of 
its energy. Energy prices are among the highest in the nation and are over 
six times what they were in the early 1970s. It is estimated that the state 
spends over $1.6 billion per year on imported oil, which is equivalent to 
about 10 percent of the gross state product (State of Hawaii, Department of 
Planning and Economic Development, 1985, pp. 348 and 429). Although 25 MW of 
geothermal-generated power will not greatly reduce this dependency, the 
statewide and island-wide energy implications discussed below can be 
attributed to geothermal development. 
About 44 percent of Hawaii Island's electrical demand is supplied by 
generators powered by sugarcane bagasse, wood chips, or some other form of 
biomass (State of Hawaii, Department of Planning and Economic Development, 
Energy Office, unpublished data, 1986). 
Geothermal development would reduce the state's dependence on expensive, 
imported fuel oil. Should sugarcane bagasse become unavailable, geothermal 
energy could be used as an economical replacement. A 25 MW geothermal plant 
will replace a small percentage of the state's imported oil, which will be a 
step towards implementing the state policy goal of decreasing dependence on 
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Table 11-16 
SUMMARY OF ECONOMIC IMPACTS GENERATED BY THE FACILITY 
Item 
Construction expenditures in Hawaii 
Average number of direct annual construction 
jobs generated 
Annual operating expenditures 
Number of direct permanent operating jobs 
Total full-time equivalent jobs created 
Annual personal income generated by annual 
operating expenditures 
Annual economic output generated by annual 
operating expenditures 
• Source: Community Resources, 1986 
• 
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Impact 
$32.5 million 
23 
$ 2.3 million 
19 
100 
$ 1. 3 million 
$ 4. 7 million 
imported fuel. Based on HELCO's forecasted requirement of 171,000 MWh 
additional generation for the first year of operation in 1988, 171.7 million 
barrels of fuel (469 kWh per barrel with an energy content of 6.2 million Btu) 
will be replaced by geothermal energy (Hawaii Electric Light Company, 1980, 
Addendum; Lloyd, personal communication, 1984). Assuming that HELCO will 
eventually accept 219,000 MWh annually from the 25 MW facility (25 MW x 8,760 
hours), 466,951 barrels of oil will be replaced. 
Other Economic Activities 
Spinoff Activities. Spinoff economic activities as a result of the 
development and operation of the PGV plant will be minimal, though research on 
the East Rift Zone geothermal reservoir may be stimulated. The existing HGP-A 
well can provide only limited data on the nature and extent of the geothermal 
resource it taps. The operation of six additional production wells will 
provide the multiple sites needed to conduct drawdown experiments and other 
studies. 
The long-run electric price stability of geothermal generation could 
encourage business to locate in Hawaii County, especially energy intensive 
businesses. The proposed facility arguably may also stimulate growth of the 
proposed Shipman Industrial Park. The park would be a possible location for 
firms that manufacture, distribute, and/or repair parts and supplies needed by 
the geothermal facility. However, PGV does not consider "spinoff" activities 
as having an immediate likelihood of success and does not now plan to be 
involved in any such activities in conjunction with the proposed 25 MW 
project. In addition, it could attract research and development firms that 
might be interested in various aspects of geothermal electricity production or 
in other commercial applications of the resource itself. The county and state 
are sponsoring practical research into direct uses of geothermal energy. PGV 
has already contributed a $30,000 grant to support this local effort. 
Potential Activities That Are Currently Nonfeasible. Other potential 
activities were investigated and determined not to be feasible, at least at 
the present time. These are described below. 
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Direct Use of Geothermal Heat for Papaya Processing (Hawaiian Dredging and 
Construction Company, 1980). Though the process is marginally feasible from 
the standpoint of cost, AMFAC's existing processing plant at Kea'au has 
sufficient capacity to process all of the papaya and guava grown on the island 
for many years to come. No additional facilities are needed. 
Use of By-Products from Geothermal Operations, Primarily Those Resulting 
from Pollution Control (Thomas, 1982). The study examined a facility that 
would produce approximately 1.650 tonnes (1.818 tons) of elemental sulfur per 
year. Elemental sulfur can be used as a binder or filler in sulfur-aggregate 
concrete, and sulfur-extended asphalt shows promise for road paving. The 
development of a spinoff industry to utilize sulfur by-products will probably 
be economically feasible only when generation exceeds 200 MW; at that level of 
geothermal development, fertilizer plants that use the sulfuric acid 
by-products of geothermal pollution control may also be feasible. 
Heavy Industrial Activities, such as Manganese Nodule Processing. This 
type of activity will probably not occur unless development of the geothermal 
resource approaches 500 MW. A nominal processing facility would require about 
2.4 million MWh per year, or a firm power requirement of about 275 MW (State 
of Hawaii, Department of Planning and Economic Development, 1981, p. 203). 
lfuether or not the industry is developed in Hawaii will also be influenced by 
external factors such as the competitive advantages offered by other areas 
with cheaper land and labor costs. 
Diversified Agriculture. Diversified agriculture is expected to continue to 
expand in Puna with or without development of the project. Agriculture is 
compatible with geothermal development since it does not require a buffer zone 
between the facility and fields to minimize negative impacts. In this 
respect, it is preferable to residential development near the facility. As 
discussed earlier, the agricultural base of the Puna District is shifting from 
extensive crops such as sugar to more intensive operations. Though the 
proposed project site is located on agriculturally zoned land, there is a 
sufficient supply of land in other areas of Puna to support a viable, growing 
agriculture industry. 
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Population, Labor Force, Income, and Housing Supply 
Because employment generated by this project is expected to be largely 
supplied by the existing labor force, and because no secondary industrial 
activities are anticipated, indirect population impacts should be small. 
Geothermal drilling personnel are already island residents. It should be 
necessary to import only a few construction personnel. Assuming that all 
imported workers will bring their families and that all will be present at the 
same time, the population growth impact will probably still be modest. The 
operational-phase employment of 19 persons will have even less effect. 
Hawaii Island's and Puna's labor force composition will not be affected, 
and the types of jobs provided by the project will be compatible with the 
occupational skills and backgrounds of Puna's current labor force. The 
mechanical nature of the geothermal construction and maintenance jobs will 
generally match the skills of employees being discharged from the Puna Sugar 
Company. 
Anticipated income for project workers is likely to be, on average, 
somewhat higher than current median income for residents of the island in 
general or of Puna in particular. 
The area housing supply will be adequate for the projected work force in 
both construction and operational phases. 
Lifestyle 
The PGV project will have little, if any, tangible impact on Puna's wealth 
or general lifestyle. For some people, however, it may have symbolic 
importance. The project is Hawaii's first large-scale commercial application 
of geothermal technologies that have developed over the past decade. As such, 
it represents a major step toward significant energy production activities in 
Puna. For some people, this symbolizes progress, opportunity, and economic 
development. For others, it may mean unwanted industrialization and 
encroachment on the traditional rural atmosphere and slow pace of li fe . 
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11.3 PROPOSED MITIGATION MEASURES 
Community Involvement Programs 
Puna residents have shown a strong desire to be involved in geothermal 
planning though there is no clear channel for such involvement at this time, 
except for seats on statewide advisory panels. Because the government's role 
in geothermal power is more regulatory than action-oriented, private 
developers are in a better position to involve community groups in meaningful 
ways. Ways to encourage community involvement in the project should be 
studied and implemented as a potential mitigation for resident apprehension 
about geothermal development. The following organizations have already been 
active in providing a local forum for discussion of geothermal development: 
o State Geothermal Advisory Council 
o Mayor's Advisory Committee 
o Big Island Business Council 
o Hawaii Island Economic Development Board 
0 Hawaii Island Chamber of Commerce 
o Puna Geothermal Venture Advisory Committee 
It should be noted that most community residents do not oppose all forms 
of economic spinoff activities from geothermal development; rather, they 
oppose heavy industry and support cascading uses of heat for agriculture-
related activities (SMS Research, 1982a). Hence, any community involvement 
program should consider ways that residents can educate themselves about the 
feasibility of such activities, including the formation of community 
development corporations. 
Contingency Management Plans 
Because many community fears about geothermal development are based on 
misinformation, potential industry spinoffs, and/or ultimate statewide export 
of geothermal power, state and county government planners can help allay these 
concerns by developing a blueprint for a planning and management process. 
This process should specify exact studies and management decisions to be 
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undertaken if the present initial geothermal development does lead to a second 
generation of development for Puna. This plan will reassure the community 
that concerns will be addressed at the proper time rather than being 
continuously dismissed as "not yet relevant." It should also outline the role 
community members can play in broader geothermal development planning. 
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Section 12 
CULTURAL RESOURCES 
12.1 ENVIRONMENTAL SETTING 
The cultural resources in the site area were studied in a 1-mile-wide 
(2,010-acre) concentric area centered on the proposed project site in Puna 
(Rodgers-Jourdane and Nakamura, 1984) . This area includes at least eight 
ahupua'a, or land divisions, within the Puna District: Kani-a-hiku, 
Hale-ka-mahina, Kapoho, Ahalunui, Lae-pao'o, Oneloa, Pohoiki, and 
Keahi-a-laka. The cultural resource baseline study concentrates on Kapoho, as 
it is the largest portion within the project area. 
Cultural History 
Circa AD 1475, Puna was one of six districts of the island of Hawaii. The 
chiefs of the six districts acknowledged Liloa as their supreme chief, but 
with his death the unity of the six districts was temporarily destroyed. 'Umi 
was a son of Liloa, but not the acknowledged heir to the title of supreme 
chief. However, by conquest, 'Umi reunited the kingdom (Barrere, 1959, 
p. 15). The complex and interesting history of Puna, from this period of 
conquest by 'Umi to the military conquest and con~rol of Hawaii Island by 
Kamehameha in 1791, is told by Barrere, 1959. 
Puna as a Religious Center 
Puna was an important center in the development of Hawaiian religion. It 
was in Puna that Paao first established his line of priesthood, a line that 
continued until after the death of Kamehameha I in 1819 (Beckwith, 1979, 
pp. 371-375). The first heiau, or pre-Christian place of religious worship, 
constructed by Paao was at Puna (Thrum, 1907a, p. 48). Other heiau in the 
Puna District are noted in Thrum (1907b). One heiau, Kukii, is listed at 
Kapoho, and another is listed at Pohoiki, a subdistrict of Puna next to Kapoho. 
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Population Estimates, 1778-1850 
The total population of the Hawaiian Islands for the years 1778 to 1779, 
when the British naval captain James Cook and crew arrived, has been estimated 
t~ be 300,000. The population of the island of Hawaii is estimated to have 
b~en 100,000 to 150,000. By the time of the first missionary census 
(J83J-1832), the population of the island of Hawaii had declined to 45,792, 
and in the 1950 census to 25,864 (Schmitt, 1968). 
Land C~mmission Awards in the Mid-Nineteenth Century 
Land tenure in Hawaii changed fundamentally in the mid-nineteenth century 
when fee-simple, private ownership of land was legalized through a complex of 
laws commonly referred to as the Great Mahele. As a result of this change 
from a feudal system to private ownership of land, the Puna area was divided 
and ownership of various portions was awarded to certain individuals. 
In Puna, a small number of individuals were awarded unusually large 
acr~ages by the Land Commission (Hawaii [Territory], 1929, p. 500). Some of 
the Land Commission Awards in the 1-mile radius of the study area included: 
o 4,060 acres at Kapoho to C. Kanaina, father of W. C. Lunalilo 
o 5,562 acres at Keahialaka, a subdivision of Puna adjacent to 
Kapoho, to W. C. LunalHo, king of the Hawaiian Islands from 
1873 to 1874 
o 2,902 acres in Puna to Hazaleleponi Kalama, adopted daughter 
of C. Kanaina and Miriam Ke-ka-ulu-ohi and wife of the third 
king of the Hawaiian Islands, Kau-i-ke-aouli 
Historic Trails in the Area 
An 1R95 Hawaiian Gov~rnment map and survey by A. B. Loebenstein shows 
traiJR in the area of Pu'u Honua'ula, cl ose to the center of the project 
area. The famous Fllis Trail, trav~lec'l by the missionary lVilliam Ellis in 
]823, passes through nearby Kapoho (Ellis, 1979, pp. 296-323), and may be 
connected with some of the trails in the project area. Roads in the project 
area should be considered in relation to this historical process of ancient 
Hawa iian trails b~coming roads. 
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12.2 IMPACTS ON CULTURAL RESOURCES 
Since there are no known cultural resources at the proposed project site, 
there will be no anticipated impacts on cultural resources from clearing, 
construction, operation, or plant decommissioning (Rodgers-Jourdane and 
Nakamura, 1984) • 
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Section 13 
ALTERNATIVES TO THE PROPOSED ACTION 
13.1 NO ACTION ALTERNATIVE 
The no action alternative is defined as no geothermal development on this 
leasehold. The no action alternative means a continued reliance on imported 
oil and petroleum products as the primary energy source on the island of 
Hawaii. Currently, the state of Hawaii obtains approximately 90 percent of 
its energy supply from imported petroleum. 
The no action alternative eliminates all potential impacts identified in 
Sections 3 through 12 for the PGV. Unavoidable adverse impacts of the PGV 
that would be avoided by this alternative include: 
0 Controlled quantities (within established regulatory 
standards) of air emissions during well drilling and 
testing, construction, and operation 
o Controlled discharges (within regulatory standards) to 
geothermal groundwater during well drilling and testing and 
from injection operations 
o Alterations of site topography resulting from excavation and 
grading 
o A 12-acre commitment of land 
o Loss of natural vegetative communities and wildlife habitat 
o Increased erosion resulting from soil disturbance 
o Disturbance of resident wildlife 
o Alteration of the aesthetic character of the area resulting 
from removal of vegetation, change of land forms, 
installation of structures, steam plumes, and noise 
o Controlled noise associated with the various phases of 
project development and operation 
0 Increase in traffic during construction 
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The no action alternative also eliminates positive economic impacts 
associated with the PGV, including capital expenditures on goods services, 
increased employment during construction and operations, and county revenue 
(e.g., property taxes), and state royalties. 
The no action alternative is counter to the goal of increased energy 
self-sufficiency which forms the basis for state and the county plans. 
Relying on oil imports for 90 percent of its energy supply, the state has a 
dependence that is disproportionate compared with that of other states and 
represents an excess of $1 billion in payments flowing out of the Hawaiian 
economy each year. Because the state is rich in alternative renewable energy 
sources that are becoming available through new or improved technologies, the 
state and county plans direct the attainment of greater energy 
self-sufficiency through replacement of imported petroleum with power 
generated from renewable resources. The PGV geothermal power plant's use of 
an indigenous energy source would displace approximately 250,000 barrels of 
oil per year and would be in accord with the state's goal of increased energy 
self-sufficiency. The no action alternative, continued reliance on imported 
petroleum, is clearly in conflict with the energy goals of the state. 
Also, the no project alternative is not a "no energy" alternative, but one 
that derives electrical power from other energy sources, probably fossil 
fuel. Hence, the no project alternative also has environmental impacts, such 
as air quality deterioration from the combustion of fuels, associated with 
it. Even though these impacts occur elsewhere, i.e., around other power 
plants, they are just as real. 
13.2 ALTERNATIVES WITHIN THE PROPOSED ACTION 
Alternative Hydrogen Sulfide Abatement System 
The proposed action will control H2s emissions by injecting the 
noncondensable gas stream into a nonreservoir rock stratum. As discussed in 
Section 2.4, if the injection system will not control H2s emissions 
sufficiently to meet the specified standards, the RT-2 system developed by Dow 
• 
• 
will he used to abate the H2S. In the RT-2 system, the noncondensable gases • 
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are thermally oxidized and scrubbed with caustic soda (NaOH). The condensate 
is treated with a regenerative iron compound. The two fluid streams are 
combined to produce environmentally acceptable sulfate and sulfite compounds 
that are dissolved in the condensate and injected into or near the reservoir 
with the blowdown. This system represents the state of the art in surface 
chemical treatment of B2S from geothermal resources; a similar system is 
currently in use at the HGP-A power plant. 
Injection is the preferred approach because it minimizes waste stream 
handling and disposal and reduces problems associated with handling and 
transporting hazardous chemicals. 
13.3 ALTERNATIVES CONSIDERED BUT ELIMINATED FROM FURTHER STUDY 
Alternative Power Sources 
The state of Hawaii is committed to increasing its energy self-sufficiency 
by developing its indigenous natural power sources, thereby reducing its 
reliance on oil as a power source. In addition to the use of geothermal 
resources, these power sources include: 
0 Hydroelectric 
0 Ocean thermal conversion 
0 Solar 
0 Photovoltaics 
0 Wind 
0 Biomass 
0 Municipal solid waste 
Hydroelectric power is currently used on a limited and seasonable basis, 
but the geologic nature of the island does not lend itself to hydroelectric 
development on a large scale. Hydroelectric power facilities that have been 
proposed are too small to decrease the demand for imported oil significantly. 
Experiments with ocean thermal energy conversion have been conducted off the 
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Hawaiian coast for several years. Although ocean thermal energy is 
technically feasible, its cost is prohibitive unless the economics improve 
substantially. 
Under certain circumstances, solar, photovoltaic, and wind power may be 
viable options. All three options have been studied or operated on a limited 
scale in Hawaii. However, these options are not currently economically 
competitive with geothermal power. In addition, because of the small-scale 
and intermittent generation capacity, these options are not suitable as a 
base-load source of electricity to replace imported oil. 
The potential use of biomass as an energy source is currently not a 
preferable alternative to geothermal development. Although biomass (e.g., 
trees, bagasse) may be used to produce energy, there is no economically 
viable, established biomass energy technology other than its use as a fuel 
source. In 1980, biomass was estimated to supply nearly 2 percent of the 
United States' annual energy, predominantly in the form of wood wastes used as 
fuel by the paper and pulp industry (Rose and Miller, 1983). In Hawaii, 
bagasse is the primary source of biomass fuel and supplies about 25 percent of 
the islands' energy. Biomass energy production based on intensive 
silviculture is not currently a viable energy source because of conflicts with 
land use, the value of wood as other products, and potential long-term adverse 
environmental impacts (OTA, 1983). Although biomass energy conversion has 
beneficial aspects (e.g., resource renewability, lower sulfur content than oil 
or gas), it also has environmental and economic constraints (e.g., soil 
erosion and hydraulic run-off associated with removing forest or crop 
residues) that may negate the economic benefits of such energy harvest (Rose 
and Miller, 1983). 
The use of municipal solid waste as a power source or power supplement is 
technically feasible, but would require considerable volumes of combustible 
materials consistently and readily available to supply a reliable base-load 
source. In addition, there are air quality concerns associated with burning 
waste, and the construction and operation of such a system would cost more 
than geothermal power. 
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For these reasons, use of geothermal energy is the most economical and 
reliable indigenous power source. Other indigenous power sources were not 
considered as viable alternatives to this project at this time. 
Alternative Site 
The site selected for the proposed project was based on the knowledge of 
the existing geothermal reservoir in the Puna District. The criteria used in 
selecting this site are provided below. 
Areas Outside of the Leasehold of Interest. The area considered for potential 
sites was limited to the designated leasehold area and to areas within 
1/2 mile of the three existing PGV geothermal wells because of economic and 
physical constraints. 
Topography. Because areas of steep or erratic topography may result in higher 
construction costs and design constraints, the two cinder cones at Pu'u 
Honua'ula were excluded • 
Areas Requiring Extensive Earthwork. Areas in the study area requiring 
extensive earthwork were excluded under the topography criterion. 
Compatibility with Soils, Geology, and Seismology. Aa lava was preferred to 
Pahoehoe lava because of the increased probability of flow tubes, cavities, 
etc., in the Pahoehoe lava. Areas most susceptible to lava flow were excluded 
based on the 1981 report by Slemmons, et al. 
Soil conditions will not affect foundation stability because the thin soil 
layers will be scraped away during construction. Available information on 
fissures and faults does not appear to differentiate between potential sites 
in the study area. 
Visual Impacts. The area of greatest visual sensitivity is along Highway 132 
and in the housing development northwest of the study area. Preference was 
given to potential sites south and southwest of the Pu'u Honua'ula cinder 
cones. 
AR:6738d 13-5 
---- ------------------------------------------. 
Compatibility with Productive Lands. Soils in the Keaukaha, Opihikao, and 
Malama Series all have higher productive capability than aa lava flows, 
Pahoehoe lava flows, or cinder land. Areas with soils of higher productive 
capability l-Tere downgraded. 
Potential Noise Impacts. Areas most sensitive to noise impacts were assumed 
to be the same as those sensitive to visual impacts. Because of the shielding 
effect of the cones, sites south and southeast of the Pu'u Honua'ula cinder 
cones will have less noise impact on the more sensitive areas north and 
northwest of the study area. Areas downgraded because of noise considerations 
are the same as those downgraded for visual aesthetic considerations. 
Potential Air Quality and Ecosystem Impacts. Prevailing daytime winds are 
from the northeast, and prevailing nighttime winds are from the west and 
northwest. Preference was given to areas south and southeast of the Pu'u 
Honua'ula cinder cones to avoid potential plume effects on vegetation and 
wildlife. 
The project site selected was the only portion of the study area that had 
no identified negative characteristics. The site selected is the one most 
suitable for making maximum use of the known reserve. 
In addition, an existing geothermal facility lies not far to the 
southwest. The location of the proposed project at the selected site will 
minimize potential land use conflicts. No areas outside the PGV project area 
boundaries or the proven geothermal resource were evaluated for the proposed 
project. 
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Section 14 
UNAVOIDABLE ADVERSE ENVIRONMENTAL IMPACTS 
Most of the potential impacts of project development identified in 
Sections 3 through 12 will be mitigated, and recommendations for mitigations 
are discussed in each section. However, development of the PGV project will 
have some adverse e~v.Lronme~ta impacts that cannot be completely mitigated or 
avoided. 
Most of the unavoidable impacts from project development will occur 
throughout the 35-year life span of the project. These impacts include: 
o Slight or minimal alterations to topogra hy 
o Controlled quantities of air emissions during well drilling 
and testing and construction operations (within regulatory 
limits) 
0 Controlled quantities of air emissions during power plant 
operation (within regulatory limits) 
o Controlled discharges to geothermal groundwater during well 
drilling and testing (within regulatory limits) 
o Controlled discharges to geothermal groundwater from 
injection o~rations (within regulatory limits) 
o Commitment of 12 acres of land for the power plant and 
associated facilities 
o Visual interruption 
o Conrrolled noise during construction, well drilling and 
testing, plant operation, and decommissioning (within 
regulatory guidelines) 
o Increased traffic during construction 
After project decommissioning, many of these impacts will be mitigated 
through site restoration activities. When plant operations cease, buildings 
wi ll be removed, wel ls will be sealed, and the land will be made available 
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for other uses. The impacts of air emissions and discharges to geothermal 
groundwater will not be reversed, but they will cease at the time of project 
decommissioning. As stated in Sections 5 and 6, air and water quality impacts 
will be minor and will be controlled to adhere to strict state and county 
environmental regulations. 
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.IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES 
The PGV project will involve the commitment of land, geothermal fluids, 
labor, building materials, and private capital. The irreversible and 
irretrievable commitments of resources include the labor and building 
materials necessary to construct and operate the proposed geothermal 
facilities and the associated capital development costs. 
For the 35-year life of the project, approximately 12 acres will be 
committed for the geothermal facilities. Because of the project's temporary 
nature and the restoration potential of the land following project shutdown 
and removal of the facilities, this commitment of land is not considered 
irreversible or irretrievable. As discussed in Section 3, the land taken from 
papaya orchards can be returned to agricultural use • 
The performance of geothermal reservoirs over time and the possible 
depletion or cooling of the resource are major uncertainties i n geothermal 
development. Therefore, no one knows at this time whether tap ing a 
geothermal reservoir for steam production is an irreversible or irretrievable 
commitment of the heat resource. Although temperature fluctuations have been 
observed in geothermal production wells throughout the world, the variations 
have been attributed largely to cooler water recharging the reservoir and not 
to a change in the heating potential of the reservoir. 
As mentioned in Section 4, the island of Hawaii is one the most active 
volcanic areas in the world. The PGV project is sited near the Kilauea 
Volcano, the most active eruptive center on the island. It is extremely 
improbable that removing the relatively small amount of heat energy required 
to meet the power plant requirements will have a significant cooling effect on 
the geologic process. Also, because of the reservoir's highly permeable rock, 
the high rainfall in the Puna District, and the island's hydrologic 
conditions, it is improbable that the reservoir will dry out. 
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Section 16 
NECESSARY PERMITS AND APlROVALS 
TabJe 16-1 identifies the permits and approvals applicable to the PGV 
project at the present time and the enabling legislation that provides for the 
regulatory requirement • 
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Table 16-1 
APPLICABLE PERMITS, APPROVALS, AND THE ENABLING LEGISLATION 
Permits and Approvals 
Federal Permits 
Prevention of Significant Deterioration 
(PSD) Permit 
State Permits 
Department of Health (DOH) 
o Authority to Construct or Modify a 
Facility; Permit to Operate 
o Underground Injection Control Permit-
Approval to Construct; Approval 
to Operate 
Department of Land and Natural Resources (DLNR) 
o Geothermal Exploration Permit 
o Geothermal Well Drilling Permit 
o Modification of Geothermal Well for 
Injection Use Permit 
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Enabling Legislation 
o 91 Stat. 685-796 Clean Air Act Amendments of 1977 
o 40 CFR 52.21, PSD Regulations 
o Clean Air Amendments of 1977, Public Law No. 95-95 
o 40 CFR 52.21, PSD Regulations 
o Hawaii Revised Statutes, Chapter 342 
o Administrative Rules of the DOH, Title 11, 
Chapters 59 and 60 
o 40 CFR 122 and 146, Regulations and Technical 
Criteria and Standards; State Underground 
Injection Control Programs 
o Hawaii Revised Statutes, Chapter 340E 
o Administrative Rules of the DOH, Title 11, Chapter 23 
0 Hawaii Revised Statutes, Chapters 177, 178, and 182 
0 Administrative Rules of the DLNR, Title 13, 
Chapter 183, Subchapter 2 
0 Hawaii Revised Statutes, Chapters 177, 178, and 182 
0 Administrative Rules of the DLNR, Title 13, 
Chapter 183, Subchapter 8 
0 Hawaii Revised Statutes, Chapters 177, 178, and 182 
0 Administrative Rules of the DLNR, Title 13, 
Chapter 183, Subchapters 8 and 9 
• 
• • • 
Table 16-1 (Cont'd) 
Permits and Approvals Enabling Legislation 
State Permits (Cont'd) 
o Abandonment of Geothermal Well Permit 
o Geothermal Mining Lease 
o Permit to Drill, Deepen, Redrill, Plug, 
or Alter a Water Well and to Install, 
Replace, or Modify a Pump 
Department of Land and Natural Resources (DLNR) 
o Geothermal Plan of Operations 
o Hawaii Revised Statutes, Chapters 177, 178, and 182 
o Administrative Rules of the DLNR, Title 13, 
Chapter 183, Subchapters 8 and 11 
o Hawaii Revised Statutes, Chapter 182 
o Administrative Rules of the DLNR, Title 13, Chapter 183 
o Hawaii Revised Statutes, Chapters 177 and 178 
o Administrative Rules of the DLNR, Title 13, 
Chapter 166, Subchapter .8 
o Hawaii Revised Statutes, Chapters 177, 178, and 182 
o Administrative Rules of the DLNR, Title 13, 
Chapter 183, Subchapter 7 
Department of Labor and Industrial Relations (DLIR) 
o Pressure Vessel/Boiler o 
0 
County Permits 
o Geothermal Resource Permit 0 
0 
0 
o Building Permit 0 
0 
o Electrical Permit 0 
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Hawaii Revised Statutes, Chapter 397 
Administrative Rules, Title 12, Sub t itle 8, 
Chapters 210, 220-224 
Hawaii Revised Statutes, Chapter 205 
Hawaii County Charter, Section 5-4.3, Section 
Hawaii County Planning Commission, Rule 12 
Hawaii County Code, 1983, Chapter 5 
Hawaii County Code, 1983, Chapter 14, Article 
13-7 
9 
Hawaii County Code, 1983, Chapter 9, Article 5, Division 1 
Table 16-1 (Cont'd) 
Permits and Approvals Enabling Legislation 
County Permits (Cont'd) 
0 Plumbing Permit 0 Hawaii County Code, 1983, Chapter 17' Article 2 
0 Grading Permit 0 Hawaii County Code, 1983, Chapter 10 , Articles 2 and 3 
0 Grubbing Permit 0 Hawaii County Code, 1983, Chapter 10, Articles 2 and 3 
0 Stockpiling Permit 0 Hawaii County Code, 1983, Chapter 10 , Articles 2 and 3 
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Appendix 
NOISE MONITORING INSTRUMENTATION AND PROCEDURE 
INSTRUMENTATION 
The noise monitor systems consisted of Metrosonics, Model dB-604, 
programmable sound level analyzers, each equipped with an Electret condenser 
microphone, microphone preamplifier, microphone windscreen, and an anemometer 
wind sensor. A portable digital printer was used to retrieve the data from 
the monitor after each 24-hour measurement period. In addition to these 
systems, an octave band sound level analyzer was used to sample the ambient 
noise levels during each test period. Each measuring system was calibrated 
daily. Instrumentation is listed in Table A-1. 
PROCEDURE 
Prior to the start of the noise monitoring survey, a functional check was 
performed on all measuring systems. A field calibration, using a Gen Rad 1986 
sound level calibrator set to 94 dB at 1,000 Hz, was performed on each monitor 
system before and after each monitoring period. 
After the monitors were programmed and positioned at the selected 
monitoring locations, the microphones and preamplifiers were weatherproofed 
for protection against adverse weather conditions, and a windscreen was placed 
on each microphone to reduce the effects of wind on the noise measurements. 
The wind anemometer was set to inhibit data collection when the wind speed 
exceeded 12 mph. The microphone systems and anemometers were placed between 
6 and 7 feet above ground on either a tripod or a post • 
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Quantity 
2 
2 
2 
2 
2 
1 
1 
Quantity 
1 
1 
1 
AR: 6869d 
Table A-1 
INSTRUMENTATION 
Noise Monitor Systems 
Description 
Metrosonics Model dB-604 Sound Level Analyzer S/N 1068 and 
S/N 1071 
Gen Rad 1961-9610 l-inch Electret Condenser Microphone 
S/N 10311 and S/N 10207 
Gen Rad 1560-P42 Microphone Preamplifier S/N 5886 and S/N 4450 
Metrosonics WS 603 Anemometer Wind Sensor 
Gen Rad 1560-7553 Microphone Wind Screen 
Metrosonics dB-421 Portable Digital Printer 
Gen Rad 1986 Omnical Sound Level Calibrator S/N 00108 
Octave Band Sound Level System 
Description 
Bruel & Kjaer 2215 Precision Sound Level Meter/Octave Analyzer 
S/N 726052 
Bruel & Kjaer 4165 1/2 in. Condenser Microphone S/N 682550 
Bruel & Kjaer UA 0237 Microphone Wind Screen 
A- 2 
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